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Lobuit/.  i*c  Co.,  Ltd.,  Renfrew,  Scotland. 

Gauge  Glasses. 

J.  1;.  Treasure  i*;:  Co.,  V.iuxhall  Road,  Liverpool. 

Hammers  (Steam). 

I'avis  cV  Primrose.  Leith  Ironworks,  Edinburgh. 

Hoisting  Machinery. 

Scv  Conveying  .Machinery. 

Indicators. 

D'.hbie  Mclnnes,  Ltd.,  41  &  42,  Clyde  Pl.ace,  Glasgow, 

Injectors. 

W.  H.  Willcox  &Co.,  Ltd.,  23,  34,  iS:  36,  Southwark  Street,  London. 


^5(H«Sffl 


Typewriters,   &c. 


NEW  MODEL  No.  10 

Combines    many   improvements   of    the 
utmost  importance  to  Typewriter  users, 
and    all    who     are    contemplating     the 
adopticn   o'    the    writing    machine,    ex- 
tending its  use,  or  replacing  old  machines 
with  new,  should  take  the  opportunity 
of  testing  the  New  Model  YOST.    Like 
all  previous  styles  it    does    incomparably  Beautiful    Work.     It    has  a  very  light 
touch,  is  an  excellent    manifolder,   and   cuts   a   good  stencii.     Seven   days'  trial  is 
permitted,  and  machines  of  any  make  are  accepted  in  part  exchange  and  liberally 
allow^ed  for. 

Despite  its  improvements,  and  consequent  extra  cost  of  manufacture,  the   price 
of  the  YOST  is  still  £23,  less  5  '    ,  for  cash,  or  list  price  by  monthly  instalments. 

Descriptive  Booklet  from     .     . 

The  YOST  TYPEWRITER  Co.,  Ltd., 

50,    HOLBORN    VIADUCT,    LONDON,    EC. 


JOHN  SWAIN  d  SON,  Limited, 

PHOTO-ENGRAVERS  IN  HALF-TONE  AND  LINE. 


V  J3^ 


MACHINERY 
REPRODUCED   IN 
HIGHLY    FINISHED 
STYLE    FOR 
ENGINEERS'    AND 
MANUFACTURERS' 
CATALOGUES. 


WOOD  ENGRAVERS  AND  ART  REPRODUCERS   by  all   the   Latest   Methods. 

58    FARRINGDON    STREET,    LONDON,    E.G. 


Thrcc-Colour  Process     a  Speciality. 

West     End    Offices  : 

163a.    STRAND.    W.C. 


Buyers'   Directory — (Continued), 


Iron  and  Steel. 

Askham  Bros.  iS:  Wilson,  Ltd.,  Sheffield. 

Brown.  Bayleys  Steel  Works,  Ltd.,  Sliettield. 

Consett  Iron  Co.,  Ltd.,  Consett,  Uiirhain.  and  XeWLastle-on-Tyne. 

Farnley  Iron  Co.,  Ltd.,  Leeds   England. 

Fried.  Krupp,  Grusonwerk,  Ma.ijdeburg-Buckau,  Germany 

Hadfields  Steel  Foundry  Co.,  Ltd.,  iiheffield. 

J.  Frederick  Mellini;,  14,  Park  Row,  Leeds,  Enj^land. 

Parker  Foundry  Co.,  Derby. 

Walter  Scott,  Ltd.,  Leeds  Steel  Works,  Leeds,  Enj^land. 

Laundry  Machinery. 

W.    Suninier>cales    &    Sons,    Ltd.,    Kiiijineers,    Pli<eni.\    Foundry. 
Keijjhlev.  En,i;laud. 

Lifts. 

Waygood  &  Otis,  Ltd.,  Falmouth  Koad,  London.  S.K. 

Lubricants. 

Bluniann  &  Stern,  Ltd.,  Plough  Bridge,  Deptford,  London,  S.E. 
The  Keli.mce  Lubricating  Oil  Co.,  19  &  20,  Water  Lane,  Great  Tower 
SIreet.  London,  E.C. 

Lubricators. 

Thomas  A.  Ashton,  Ltd.,  Norfolk  Street,  Sheffield. 
Joseph  Kaye  &  Sons,  Ltd.,  Hunslet.  Leeds. 
Teale  &  Co..  Birmingham. 

Machine  Tools. 

George  Addy  &  Co.,  Waverlev  Works,  Sheffield. 

William  Asquith,  Highroad  Well  Works,  Halifa.v,  England. 

Bertram's.  Ltd.,  St.  Katherine's  Works.  Sciennes,  Kdinburgh. 

Cunliiie  &  Croom,  Ltd..  Broughton  Ironworks.  Manchester. 

Britannia  Engine  and  Tool  Factory,  Colchester  England. 

C.  W.  Burton  Griffith's  and  Co,,  'i    z,&  s,  Ludgate  Square,  Ludgate 

Hill,  London,  E.C. 
Chas.  Churchill  &  Co.,  Ltd  ,  g-is.  Leonard  Street,  London,  E.C. 
Luke  &  Spencer,  Ltd.,  Broadheath,  Manchester. 

Jos.  C.  Nicholson  Tool  Co.,  City  Hoad  Tool  Works,  Newcastle-on-Tyne. 
Northern  Engineering  Co,  kico,  Ltd.,  King  Cross,  near  Halifa.x. 
J.  Parkinson  i\:  Son,  Canal  Ironworks  Shipley,  Yorkshire. 
Pratt  iV  Whitney  Co  ,  Hartford,  Conn.,  U.S.A. 
Rice  &  Co.  (Leeds).  Ltd.,  Leeds,  England. 
Will.  Ryder,  Ltd.,  Bolton,  Lanes. 

Schischkar  &  Co.,  Ltd.,  65-69,  Staflord  Street.  Birmingham. 
Sehg,  S<Minenthal&  Co.,  8^.  Queen  Victoria  Street,  London,  E.C. 
G.  I-.  Smith,  Ltd.,  South  Parade,  Halifax. 
Taylor  and    Challen,    Ltd.,   Derwent    Foundry.    Constitution    Hill 

Birmingham. 
H.  W.  Ward  &  Co.,  Lionel  Street,  Birmingham. 
1 .  u  .  Ward,  Albion  Works,  Sheffield. 

West  Hydraulic  Engineering  Co..  2?,  College  Hill.  London,  E.C. 
Ch.ules  Wmn  &  Co.,  St.  Thomas  Works,  Birmingham. 

Metals. 

Magnolia  Anti-Friction  Metal  Co.,  Ltd.,  of  Great  Britain,  40,  Oueen 

\  ictona  Street,  London,  E.C. 
Phosphor  l5ronze  Co.,  Ltd,.  Southwark,  London,  S.E. 

Mining  Machinery. 

Chester,  Kduard,  eS:  Co.,  Ltd. 

I'raser  Ji  Clialmers,  Ltd.,  43,  Threadneedle  Street,  London,  E,C. 
Hardy  Patent  Pick  Co..  Ltd..  Sheftield. 
Humbolt  Engineering  Co..  Kalk,  Nr,  Cologne,  Germany. 
Ernest  Scott  &   Mountain,   Ltd.,  Electrical  and  General    Engineers 
.,..,  -Newcastle-on-Tyne,  England. 

Wiltley   Ore   Concentrator  Syndicate,    Ltd..   7-1 1,    Mooigate  Street 
London,  K.C. 

Office  Appliances. 

l.il'i.iiy  Jvurc.ni.  I.til.,  10,  Bloomshury  Street,  London,  W,C. 
1-ibr.^iry    Supply    Co.,    Bridge    House.    181,   Queen    Victoria    SIreet 

London,  E.C. 
Eyie  Co.,  Ltd.,  Harrison  Street,  Gray's  Inn  Road,  London   W  C 
Partridge  &  Cooper,  Ltd.,  191-192  Meet  Street,  L.jndoii,  E.C. 
Rockwell- Wubash  Co.   Ltd..  69,  MiUon  Street,  London,  E.C. 
Shannon,  Ltd.,  Ropemaker  Street,  London,  E.C. 

Oil  Filters. 

V,i.  Hiini  (Jil  Co.,  Ltd.,  Norfolk  Street,  London,  W.C 

Packing. 

Coiiibmati.,n  Metallic  Packing  Co.,  Ltd..  Hillgate,  Gateshead-oii-Tvne 
I'rictionless    Engine    Packing    Co.,    Ltd.,   Hendham     Vale    Works 

Harpurhey,  M;inchester. 
Lancaster  .\:  Tonge,  Ltd.,  Pendleton,  M.anchc-ter. 
Lnited    Kingdom    Self-.'\djusling     Anti- Friction     Metallic    P.acking 

Syndicate,  14,  Cook  Street,  Liverpool. 
United  .States  Metallic  Packing  Co.,  Ltd.,  Bradford, 
].  Bennett  von  der  Heyde,6,  Brown  street,  .Manchester. 

Photo  Copying  Frames. 

I    Halden  lK:  C<,.,  .s,  .\lhert  Square,  Mancliester. 

Porcelain. 

<.ust.iv  Richter,  Charlottenburg,  near  lierliii,  Germany. 
Presses  (Hydraulic). 

Ivlwlii  Mill-,  &  Son,  Aspley  Ironworks,  Hudderslield, 
Printing. 

Southwood,  Smith  &  Co.,  Ltd.,  Plough  Court,  Fetter  Lane   London 
E.C. 


Pulleys. 

Hcury  Cmwther,  Cleckheaton,  Vnrks. 

Pumps  and  Pumping  Machinery. 

Blake  .S;  Knowles   Steam   Pump  Works,  Ltd.,  179,  Queen  Victoria 

Street,  London,  E.C. 
Drum  Engineering  Co.,  27,  Charles  Street,  Br.adford. 
J.  P.  Hall  &  Sons,  Ltd.,  Engineers,  Peterborough. 
Hathorn,  Davey  <!>:  Co..  Ltd.,  Leeds,  England. 

Pulsometer  Engineering  Co.,  Ltd,,  Nine  Elms  Ironwcjrks,  Reading, 
Tangyes,  Ltd..  Cornwall  Works,  Birmingham. 

Rails. 

Wm.  Firth.  Ltd.,  Leeds. 

Railway  Wagons. 

Metropolitan  .Amalgamated  Railway  Carriage  &  Wagon  Co.,  Ltd., 

Oldbury,  Birmingham,  England. 
Pressed  Steel  Car  Co.,  20,  Broad  btreet  House,  London,  E.C. 
W.  R.  Renshaw  &  Co.,  Ltd..  Phteni.x  Works,  Stoke-on-Trent. 

Riveted  Work. 

F  .\.  Keep.  |n.\iiii  &  Co.,  Forward  Works,  Barn  Street,  Birmingham. 

Roller  Bearings. 

Auto  .M.cchinery  Co.,  Ltd.,  Read  Street,  Coventry. 

Roof  Glazing. 

.Mell..wc>ii  l^o.,  Shettield, 

Roofs. 

D.  Anderson  &  Son,  Ltd.,  La.gan  Felt  Works    Belfast. 
Anarew  Handyside  S  Co..  Ltd.,  Dei  by. 

Safes. 

Chubb  ^:  Sons  Lock  and  Safe  Co.,  Ltd.,  128,  Queen  Victoria  Street, 
London,  E.C. 

Scientific  Instruments. 

C.uiibridge  acieiitihc  Instrument  Co.,  Ltd.,  Cambridge. 

Smiths'  Hearths. 

Andrew  Hauavaide  \  Co.,  Ltd.,  Derbv. 

Stampings. 

Armstrong.  Stevens  &  Son,  Wh  ttall  Street,  Birmingham. 
Thos.  Smith's  Stamping  Works.  Ltd.,  Coventry. 
Th.imas  Smith  &  Son  of  Saltley,  Ltd..  Birmingham. 

Steam  Traps. 

British  Ste.im  specialties,  Ltd.,  Fleet  Street.  Leicester. 

Steel  Tools. 

Saml.  Buckley,  St.  Paul's  Square,  Birmingham. 

Stokers. 

Aleklrum  Brothers   Ltd.,  Atlantic  Works,  Manchester. 
Triimipli  !;toker  Ltd.,  31.1,  Victoria  Street,  London,  S.W, 

Strong  Room  Doors. 

Chubb  ^:  Son  s  Lock  and  Safe  Co.,  Ltd.,  128,  Queen   Victoria  Street. 
L(jnd.jn,  E.C. 

Structures. 

Andrew  Handyside  .S:  Co..  Ltd.,  Duby. 

Time  Recorders. 

International    Time     Recording    Co.,     171,    Queen     Victoria    Street, 
London,  E.C. 

Tubes. 

Thomas  Piggott  i*!:  Co.,  Ltd.,  Spiing  Hill,  Birmingham. 

'I'ubes,  Ltd.,  Birmingham. 

Weldlcss  Steel  Tube  Co.,  Ltd.,  Icknield  Port  Road.  Birmingham. 

Turbines. 

(j   Gilkes&Co.,  Ltd.,  Kendal. 

W   Gunther  .V  S..11S,  Central  Works   Oldham. 

S.  Howes,  94,  .M.irk  Lane,  London,  E.C 

Typewriters. 

Empire  Typewriter  Co.,  77,  Queen  Victoria  Street,  London,  E.C. 
Oliver  Typewriter  Co.,  Ltd.,  75,  Queen  \'ictoiia  Street,  London,  E.C. 
Remington  Typewriter  Co.,  100,  Gracecliurch  Street,  K.C. 
Yost  Typewriter  Co.,  50,  Holborn  Viaduct,  London,  EC. 

Valves. 

>cotcn  and  liish  O.xy.gen  Co.,  Ltd.,  Rosehill  Works, Glasgow. 

Ventilating  Appliances. 

.M.itiheu^  .V  ^'.llcs,  Ltd.,  Svvinton.  Manchester. 

Vulcanized  Fibre. 

Mos,c^  ,.>;•  .Mill  hell,  70  &  71,  Chlswell  Street,  London.  E.C. 

Wagons     Steam. 

■riiornvLr'  ■ilMe.im  W.igon  Co.,  Ltd..  Lomelield  C  his  wick,  London,  W. 

Weighing  Apparatus. 

W.  T.  Avery  &  Co.,  S  >ho  Foundry,  Birmingham,  England. 
Samuel  Denison  &  Son,  Hunslet  Moor,  ne;i'r  Leeds. 

Wells  Light. 

A,  L.  Weli-.&  Co,  ioo.\.  Midland  Road,  SI.  Pancras,  London,  N,W. 

Wood  Working  Machinery. 

Kiesbling's  Machine  Co.,  46,  Rivington  Street.  London,  E.C 
Kirchner  &  Co.,  21-25,  Tabernacle  Street,  London,  E.C. 
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Machine  Tools 


CHARLES  CHURCHILL  &  CO.,  L 

AGENTS     FOR 

"  BROWN  &  8HARPE  "  MILLING  MACHINES,  ic,  &c. 


TD. 


B.  &  S.  Milling  machine.        No.  I     Universal.         |M       STOCKCt 


LONDON:    9  to  15,  Leonard  St.,  E.G.      BIRMINGHAM:    2  to  10,  Albert  St. 

MANCHESTER:  2,  Gharlottc  St..  Mosley  St.    GLASGOW:   52.  Bothwcll  St. 

NEWCASTLE=ON-TYNE  :    Albion    Buildings.    St.  James'    St. 


^c 


^'  '^5M^  ihmMmi 


Electric   ^-a 


nes 


i^L 


•1 


<iies  Crane,  .     , 

capacity  TOO  Tons.  . 
5qaiT  85  ft.  S  irr..  „  „ 
nsxailea  n  ±b  shops 
)f  LaK6  Shora  jna  . 
1(icnigan  Southern  l?y. 
]o.,  Soilinwaoa,  Ohia, 
J3..1.      .     .     .     .     . 


Niles-Bement-Pond  Co.. 


Tjuildf^r'i    cf 


23=25.    \'ictoria     Street.    LONDON.    S.\'^'. 
Crane    WorKs,    Philadelphia.    Pa,    L'.S   A. 


Electric    Travelling    Cranes. 


'/•ected 

over 

material 

yard 

.<.     U,  ■■  - 

/ 

V      .        :, 

P.^,,         IJ 

i.A. 

Utticft 

Girder 

Type 

used  for 

, 

extreme 

spans. 

. 

':'.r 


'fm^''^'MmMl\m]f        Machine  'looLs 


Selig,  Sonnenthal  6Co. 


Universal  and   Plain   Milling  Machines. 


'•nts'i. 


\imm 


Patent   Portable 

Keyway  Cutting 

Machine, 
In    Position    on    Bos» 
of  Fly  Wheel. 


Vertical    Milling  Machines 


/  :i^ 


Combination    Radial    Drilling 
Machine, 

with    Tapping,   Attachment. 


-^iin 


IMiMI' 


Sliding    Head    Upright 
Drilling    Machines. 


LARGE    STOCK 

HIGH-CLASS 

MACHINE    TOOLS 

READY    FOR 

IMMEDIATE 

DELIVERY. 

85,  Queen  Victoria  St.  &  Lambeth  Hill,  London,  E.G. 


I"? 


ammi 


~^ 


Electric  Cranes 


Niles  Crane,  .  .  . 
capacity  100  Tons,  . 
span  65  ft.  6  in.  .  . 
Installed  in  the  shops 
of  Lake  Shore  and  . 
Michigan  Southern  Ry. 
Co.,  Collinwood,  Ohio, 
U.S.A 


Niles-Bement-Poi\d  Co., 


23=25,   Victoria    Street,   LONDON,   S.W. 
Crane   WorRs,    Philadelphia,    Pa.,  U.S.A. 


"Builders   of 

Electric    Xravelling    Cranes. 


Niles    Crane, 
capacity  .     . 
10  Tons, 
70   ft.    span. 
Erected    over 
material  yard 
of  Phoenix    . 
Iron  Co., 
Phoenixville, 
Pa.,      U.S./». 
Lattice     , 
Girder     Type 
used  for .     . 
extreme  .     . 
spans.      .     . 


JjkmMmi 


Machine  Tools 


Selig,  Sonnenthal  <sCo. 


Universal  and  Plain  Milling  Machines. 


Vertical    Milling  Machines. 


^m:' 


Patent  Portable 

Key^vay  Cutting 

Machine, 

In    Position    on    Boss 
of  Fly  Wheel. 


Combination     Radial    Drilling 

Machine, 

with   Tapping  Attachment. 


Sliding    Head    Upright 
Drilling    Machines. 


LARGE    STOCK 

OF 

HIGH-CLASS 

MACHINE    TOOLS 

READY    FOI? 

IMMEDIATE 

DELIVERY. 

85,  Queen  Victoria  St.  &  Lambeth  Hill,  London,  E.G. 
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Machine  Tools 


Garvin  Millinq  Machines. 

UNIVERSAL    MILLING    MACHINES, 

VERTICAL    MILLING    MACHINES, 

PLAIN    MILLING    MACHINES, 

LINCOLN    MILLING    MACHINES, 
PROFILERS,    Etc. 


m  Ju  k 


No.     2       UNIVERSAL     MILLING     MACHINE. 

18  Instantaneous  Feed  Changes.  Positive  Feeds  in  all  Directions. 

Micrometer  Readings  to  all  Feeds.        Improved   Head  and  Tail  Stock,  etc. 


LARGE     STOCK     KEPT     BY     SOLE     AGENTS- 


C.  W.  Burton,  Griffiths  &  C 


o 


1,  2,  and  3,  LUDGATE   SQUARE,   LONDON,  E.G. 
And  at  59,  FINNIESTON  STREET,  GLASGOW. 
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Machine  Tools 


Jo .  C.  NICHOLSON  TOOL  Go. 


SPECIALITY 


Telegrams  : 

"MACHINERY 


Engineers   and    Machine   Tool    MaKers, 

CITY  ROAD  TOOL  WORKS, 

NEWCA8TLE-0N-TYNE. 


"STANDARD"   Hand=F>o\ver 

WELDING 

AND 

Forging  Machine 

For  expeditiously  welding  all  sections  of 
Iron  and  Steel  Bars  and  Shafts  up  to  6  in. 
diameter,  and  for  forging  Collars  and  Bosses 
in  Iron  Bars  by  compression.  A  powerful 
Machine  -  one  man  on  lever  gives  20  tons 
-  {f-^  _-_,  _  I  _^^_ .  ___',__--   _  ,  pressure  on  bar. 

"Scarfing"  and  the  use  of  the  "ram"  or  "tup  "is  abolished  in  every  smith's  shop  where  this  machine  is  adopted.     In  .t  larsje  number  of 

independent  tests,  which  li.ive  been   made  on  bars  welded  on  this  ni.icliine.  it  has  been   conclusively  demonstrated   "'-i'  'y  •'•>  :r.  -h    r^  the 
weld  is  the  strongest  part  of  the  bar.      N'o  smith  s  simp  should  lu  without  this  machine. 


Telegranis : 
"LATHE,  MAf^CHESTER.' 


CUNLIFFE&CROOM, 

LIMITEli. 

Broughton  Lane, 

MANCHESTER. 


Makers  of  all  Types 
and  Sizes  of    .    . 

Horizontal, 

AND 

Vertical 

Milling 

Machines. 


PLANRM    TVI'K     MII.I.IMi     MACHINH. 


Machine  Tools 


PATENT 


Sectional = Bar    Cropper, 


No. 

47. 


{BELT-DRIVEN). 

For    Cutting    Flat,    O,  O,    L,    T,    uj,    H,    Bars,     <Sc. 


We    also    make    Patent    Shearing    and    Punching    Machines   for   cutting   Plates    of 

Unlimited  length  and  width. 


WRITE   FOR   PARTICULAPS    TO- 


R.   BECKER  <S    CO., 

46,    RIVINGTON    STREET,    OLD    STREET,    LONDON,    E.G. 


i6 


Machine  Tools 


Albion  Works,   Sheffield. 

Telegrams         -  =  "FORWARD,    SHEFFIELD." 


natjg^ 


8  in.  by  3  in.  by  3  in. 
IMPROVED  PLANING   MAC 


SEND    FOR    CATALOGUES 

CNew  Issuej   Post  Free. 


osr^Ar 


^tfl^^^fei/' 


HIGH-CLASS    NEW    MACHINE    TOOLS 

IN    STOCK    FOR    IMMEDIATE    DELIVERY. 


Telegrams:     "MILLING.    SHEFFIELD."         Jof  tbC   tatCSt  aild   lllOSt   Up-tO-DiltC 
National  Telephone  No.  :  985. 


HEAVY =  = 
MACHINE 
TOOLS    =  = 


PLATE    Bl  NUIM  .     M\(  MINI 


Also  Special  Lifting  JacK  for  Electric 
WRITE  .   .   .  Tramcars. 

GEORGE  ADDY  6  Co.. 

WAVERLEY  WORKS.  SHEFFIELD. 


|# 


Mi 


:r.i 


>t- 


Patent  Bevelling  Machines 

FOR    SHIPS'    FRAMES. 

STEAM     HAMMERS 

lUI-'    SMI  ills      SMOI"^    AND    lUl-l.lS. 

Forge    Cranes,     Hand     and     Steam. 

DAVIS   &  PRIMROSE, 

Xcjtb  3roiuvoiUt5,  Edinburgh. 

Cock- word  for  tliis  Macliinr.  "  KVKiil  ASS  ••         Ai.in.l   \  I',  i    i  .  .1.     k-.  !. 
Tcli'l^r.ims  :  "Kiw.   I  i  nil. 
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Luke  &  Spencer,  ua., 

BROADHEATH, 

MANCHESTER. 


Telegraphic  Address  : 

"Emery,  Altrincham. 

National  Telephone : 

"  Altrincham  49. " 


Manufacturers  of 


GRINDING  , 


and 

POLISHING 

MACHINES. 

EMERY.     .     . 

WHEELS.     . 

Etc 

Send  for  our 
E  n 1  a  rged 
Catalogue, 
free    on 
Application. 


Machine  Tools 


^^^  Subject  ^t^J^ 

VWk^^  to  being  unsold.  '^.  ^\ 

y^  3  ft.    6  in.  RADIALS.  ^T 

4  ft.   O  in.  ,, 

5  ft.    O  in.  ,, 

6  ft.    6  in.  ,, 

6  ft.    by  2  ft.   6  in.    by   2  ft.   6  in.    PLANES. 
8  ft.     ,,     3  ft.    O  in.     ,,     3  ft.    O  in.  ,, 

12  ft.     ,,      4  ft.    O  in.     ,,     4  ft.    O  in.  ,, 

6',  7  ,  8  ,  lO;,  121  in.  COMPLETE    LATHES. 
6,  8,  lO,   12,  16,  20  ft.   BEDS  RESPECTIVELY. 

Milling  Machines. 

t;o  in.    BORING    AND    SFRFACIXG    LATHE. 
HORIZONTAL    P.ORING    MACHINES. 


Contractors  to    .     .     ■ 

H.M.     Governmeat,    and    Dockyards,    Principal 
Railways,    British    and    Foreign. 


NORTHERN  ENGINEERING  CO., 

KING    CROSS,  1900  LTD., 

Near    HALIFAX. 


Sawing  <S   W^oodworking   Machinery. 


Contractors  to  most 
Governments,  many 
Railway  Companies, 
Collieries,  Shipyards, 
Dockyards,  6r'c.,  &c. 

M 

Over  i.ooo 
Workmen     em- 
ployed in 
this 
Department. 

Catalogues  and     M' 

Prices 
on    Application 


XTiiillMf  iiij"l^#^ 


Over  70,000 
Sa'wing    d     Wood= 
■working  Machines 
supplied. 


GRAND   PRIX," 

Paris,    1900. 


M 


Over    70   Gold 

Medals 

and  other 

Highest 

Distinctions. 


HKA     LARCK    I'ATKNI     HOKIZOMAL    HAXI)    Mil. I, 


KIRCHNER  &  CO.,  zu^r.^^^^K^XEiirdr..  London,  E.G. 


i8 


Machine  Tools 


WINN'S 


^ 


SCREWING  MACHINES 


MODERN     DESIGN 


FOR  TUBES  OR  BOLTS— ALL  SIZES  MADE 

Also      otHer      Tyiies. 


Charles  WiNN&Co. 


ST.    THOMAS    WORKS, 


BIRMINGHAM. 


^rf\ff\^\rf^^^\%\'4\'fs.ff^*4k^WUy^y^4^M^'4^M^n^^4y*4^ni^ni^^^^ 
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Machine   Tools 


BERTRAMS    LIMITED 


London  Office : 

21,  Gt.  St.  HELEN'S,  E.G. 


ST     KATHERINE'S    WORKS, 

SCIENNES,  EDINBURGH. 


Circular  Cutter  with  Punch  and 
Apparatus  for  Circles. 


Manufacturers   of   all   kinds   of 

MACHINE    TOOLS 

FOR    ENGINEERS,    SHIP    BUILDERS, 

BOILER    MAKERS,    &c..    &c. 


*    Slovers  ,.x  T^  Patents   >» 

Sawing  piREWOOD  Sawing 

Splitting  /'TTTlX  Splitting 

Arranging  jOWTn  Arranging 

Bundling  i<T['![i!]l*Hll'iT*\  Bundling 


^     Firewood        JVIachinery    ^^ 


Firewood  Machinery 

DOES  THB   WORK  OF  FROM  12  TO  80  MEN. 
The  saving  in  wages  alone  means 

A  LARGE  ANNUAL  INCOME. 

« 

''Tr^TTAT    "  SAW    GUARDS. 

1UIL,J-\L^       HIGH=CLASS    BENCHES. 


Eminently  Superior. 


Admitted  Best. 


SAW    SHARPENING    MACHINES. 

Universally  Appreciated. 

M.  GLOVER?cIsi,';.:~  Leeds. 


FORGING 
MACHINES, 

CAPSTAN    LATHES 

AND    OTHER    TOOLS. 

SAWING    MACHINES. 


WILLIAM  RYDER,  Ltd 

BOLTON. 

'^THE   BOLTON    BLACKSMITH." 


'j^^lHmM 


¥ 


Machine  Tools 


THIS 


LATHE 


ONE    OF    A    GOOD    LINE    OF    LATHES. 

N  E  AV      CATALOGUE       NOW      READY 


i^ 

IS  lor 

"  SLOGGING " 

j^^Stf^ 

or 

H0^  1 

HIGH-SPEED 

*S^\ 

it 

■c»r>— 

HAS 

^ 

POWERFUL 

DRIVE  AND 

FEEDS. 

J.  PARKINSON  &  SON,  Shipley,  yorks 


In  communication   please   mention   this  Journal. 
Telegrams:    -RADIAL.  HALIFAX.' 

G.F.SMITH, 


LTD. 


Machine  Tool  Makers, 


SOUTH  PARADE,  HALIFAX. 


MaKers  of  all  Rinds  of    .     .     . 


Machine  Tools, 


SPECIAL 

AND 

GENERAL 


Fop  engineers,  SHIPBUILDERS    BOILER  MAKERS, 
GIRDER    MAKERS,    and   BRIDGE    BUILDERS. 


RADIAL  DRILLS  up  to  lOft.  RADIUS. 


A  lartfc  number  of  Tools 
in    Stock    and     progress. 


Iftei^EKIl 


^iS: 


Machine  Tools 


RICE  <5  CO>  (Leeds),  Ltd>, 

LEED3, 

ENGLAND. 


HYDRAULIC 


Riveters, 

Presses, 

Cranes, 

Punches, 

Shears, 

Hoists, 


Lifts, 
Pumps, 

Accumulators, 
Intensifiers, 
Valves, 
&c.,  &G. 


Three-Ton  Hydraulic  Crane. 


ABC  Code,  4th  Edition,  used. 

Telegraphic   Address:   "Press,    Leeds." 

Telephone  No.  :  23(12. 


J^  Tt  is  Ulortb 
4^  Vour  mbilc 

ib  to  Buy 


CDc  Reliance  Cubricating  Oil  €o. 

Maiuif.'.cture  an.l  .Supply  tin-  I'.L-st  and  Clie.ipe-t 

HIGH-CLASS     NON-CORROSIVE 
LUBRICATING     OILS 
Direct  ^^^     SOLIDIFIED     LUBRICANTS. 

I  C.istor,  I,ar.l.  Olive,  Ne.itsfoot.  and  I.insee  1  oil^.  Tallow,  & -. 


I 


Cbe  Reliance  CuDricating  Oil  Co.,  Jf 

19  &  20,  Water   Lane,   Great  Tower  Street,  T^ 

LONDON,    E.G.  <^ 

Also  99,  Great   Clyde  Street,  Glasgrow;    and  d% 

1,  Sandhill,  Newcastle-on-Tyne.  ^T 

Telegrams:    "  .SU1:ASTR.\L,    Ln.MJ.  .x.  tV 

Telephone  No. :   A\EXUE  5851.  .\  E  C  Code  Used.  (A 


1 


f 


^^^j^d-s^ 


©I 


a^; 


(^lAMMVi    Hvdraulic  Machine  Tools  | 

i — '- — ^ — .sJj-lvs 


THE 


West  Hydraulic  Engineering  Co., 


Telegrams  : 
'AcROSTiCAL,  London." 
'AcROSTiCAL,  Bradford.' 


Contractors 

to  the 

Governments 

of 

Great    Britain, 

India, 

Germany, 

France, 

Russia, 

Italy, 

Spain, 

Belgium, 

S^vitzerland, 

Japan, 

Chili. 


23,  COLLEGE  HILL.  LONDON,  E.G. 

WorKs:    LUTON    BEDS. 

Makers   of  .   . 


High  Grade 
Hydraulic   Plant 
and 
Machinery. 


TYPE      'A"      HYDRAULIC     PRESSURE     INTENSIFIER. 
With  worHing,  non-return  and  automatic  re«ulating  valves. 


Mining  Machinery 
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g[iragj^~~lv\iniiTg  Machinery 


Vertical  Air  Compressors 


AND 


Blowing  Kngines 

KIMfi     RIFriT  FR     XYPF  low  height,  economises  space. 

IVIINO      IV11!.U1-.1!.1V        liriL.  AND  AVOIDS   VIBRATION. 


VERTICAL  AIR  COMPRESSORS, 
TWO  CYCLE  C/yS  ENGINES, 
RIEDLER  BLOWING  ENGINES, 
RIEDLER   AIR  COMPRESSORS, 
RIEDLER  ELECTRIC  PUMPS, 
RIEDLER  EXPRESS  PUIVIPS, 
RIEDLER  STEAM  PUIVIPS. 
CORLISS  CORNISH  PUMPS, 
RAND  COMPRESSORS, 
WINDING  ENGINES, 
BOILER  PLANTS, 
ROASTING,  SMELTING,  and 

REFINING  MACHINERY. 
COMPLETE  STAMP  MILLS, 
CRUSHERS   and   PULVERIZERS. 
CONCENTRATION  MACHINERY, 
PROSPECTING  OUTFITS, 
CYANIDE  PLANTS, 
ELMORE    OIL  CONCENTRATION 
PLANTS, 
CONDENSING  PLANTS, 
BOILER  FEED  PUIVIPS. 
RAND  ROCK  DRILLS, 
ROBINS  BELT  G0f4VEY0RS, 
PELTON  WATER  WHEELS. 


Aay    of   the    above    Catalogues 
on  Application. 


500    H.P.    SINGLE   SIDE   AIR   COMPRESSOR    WITH    ROPEWHEEL   FOR    POWER. 
COMPRESSOR    ARRANGED   FOR    ADDITION    OF   DUPLICATE    SIDE    AT    LATER    DATE. 


FRASER  e?  CHALMERS,  L^ 

Mining  and  luii^inccriiiir  Machinery, 
HEAD  OFFICE :    43^    THREADNEEDLE    STREET,    LONDON,    E.G. 

Note  Change  of   our   Head   Olficc    Address   alter   July    next    to    3,   LONDON    WALL    BUILDINGS,  E.C 

\NorU.S       ERITH,     KENT,     ENGLAND. 


(^Mm\ 


^'"■^iS" 


Mining 


ERNEST  SCOTT  &  MOUNTAIN.  L 


TD. 


Branch  Offices. 
LONDON:    20,    New  Bridge  St., 

Blackfriars. 
GLASGOW:  93,  Hope  Street. 
CARDIFF  :  8,  Working  Street. 
Sheffield,  Birmingham.  Calcutta, 
Bombay,  Shanghai,    Singapore, 

Johannesburg. 


STEAM 
DYNAMOS. 


MOTORS. 


"Scott  and  .Mountain"  Protected  Type  Motor.     Operatinjj  Scull  Breaking  Winch. 


Boosters. 


J* 


Mining  Pumps 

AND 

Haulage   Gears 


^ 


Coal   Cutters. 


NEW     LISTS     NO^V     READY. 


■'  Scott  and  Moimtain  "  .Mining  Pump.     301)  galls,  per  min. 
1,500  tV.  head. 


ELECTRICAL  AND  GENERAL  ENGINEERS,  "^^"e^c'Land:'''"'^' 
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]rilA©MEK]l 


Mining,  etc. 


EDWARD  CHESTER  St  Co.,  Ltd. 

>\anutacturers  of  all  Classes  of 

MINING  MACHINERY 

Branches  :   Johannesburg,  Bulawayo,  Barberton,  Port    Elizabeth  in 

South  Africa,  and  Kalgoorlie,  Australia. 

AVorks:    RENFBE\V,    Scotland. 

HEAD    OFFICE:     120,     Bishopsgate     Street    Within,    London,    E.G. 


J.  Frcdk.  Melling, 

14,  PARK   ROW, 
LEEDSy    England. 

Iron  &  Steel  Bars,  Plates,  Sheets,        write  for 
Girders,   Channels,  Angles,    Rails,        section  Lists 
Blooms,  Billets,  &  Slabs.  ^"''  ^""^ 


Teleiirams  :  "  LEGATION,  LliliUS." 


J.B.Treasure&CO- 

Excelsior  Fire-Polished 

GAUGE    GLASSES, 

LUBRICATORS, 
INDIA-RUBBER     WASHERS, 

&c.,   &c. 

Vauxhall  Road,  Liverpool. 


J.  P.  Hall  &  Sons, 


Ltd.. 

PETERBOROUGH 

We  make   a  SPECIAL  Compound 
Direct  Acting  Slow  Running 


^^  a  i  Boiler  Feed 


Pump 

ECONOMICAL  AND  EFFICIENT. 


We  deliver  100  lbs.  of  Water  for 
the  expenditure  of  1  lb.  of  Steati]. 
Tl\is  with  our  2,000  gallon  Pump, 
and  a  much  higher  efficiency  as 
the  size  of  the  Pump  iticreases. 

AN     IDEAL     PUMP     FOR     GENERAL 
BOILER    FEEDING    PURPOSES. 

Api'I.v  rou   I'auiicli.ahs 


1  i.Ltl'iioNi:  Ni-.  .    .-,    ,. 
Telegrams:  ••Tlim)r   Birmingham.' 


o  ■ 


Modern 
Machine  Tools. 


CAPSTAN    AND    TURRET    LATHES. 
DRILLING    MACHINES. 
MILLING    MACHINES. 
BORING    MACHINES. 


H.W.WARD  &Co. 

86,    Lionel    Street, 

BIRMINGHAM 

Contriictora  to  Brilikh  uiul   For.'luii  Covurnmcnli 
and    Principal   E  niJI  nci  rl  n  li   Flinih. 


^SIhSmS 


Aerial  Ropeways 
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|f^©MDEIl 


■?iis: 


Aerial  Ropeways 


ADOLF  BLEICHERT  &  C 


o..  LEIPZIG-GOHLIS 


GERMANY 


More 
Plant 
struc 
some 
of  34  kilometres. 

30  Years' 
Experience. 

-• ♦•- 

Gold  Medals. 
Highest  Awards. 


Best  and  .  .  . 
cheapest  medium 
of  transportation 
for  all  kinds  of 
material  for  any 
distance  and  .  . 
within    factories. 

All  topographical 
diflBculties  over- 
come by  our  . 
Patent  Jaw- Grip 
Coupling  .  .  . 
Apparatus 

"Automat" 

—4— 

We  have  built 
plants  with  .  . 
gradients  of  1:1, 
lud  spans  of  over 
1,000  metres. 

-♦- 

First-class     .     . 

eferences     from 

lirst-rate  houses 


& 


Wire=Ropeway  executed   lor   Sucreries    Centrales  de   Wanie   Sue.    Anon>nif.    W.»nze    B.lr.. 

Hoisting  &  CivEYiNG  Machines,  Cranes. 


. 


Representative:    T.    SCOTT  -  ANDERSON, 

Sheffield.     Koyal     Insurancj-    Buildinj-.s. 


m.l.  Mt^clmiilciil   Kniiniuers. 
M.I.  Electrical  Eni{lneerB 


2«; 


BmMM 


Aerial   Ropeways 


CHEAP     TRANSPORT 

Improved 
Aerial 
Wire 
Ropeways 


I'llDIOI.KAI'Il    111-    A    I. INK   (JAI;KVI\(,     ,5,1    'J'l  i\>    n,l;     l)A^. 


(Roe  cS:  Bedlinjiton  Patt-nts). 

The  Best  and  Cheap- 
est System  lor  Carry- 
ing' Ores,  Coals, 
Limestone,    Bricks, 

Clay,    and    other    :\Ia- 

teriais,  Especially 
over  Rough  Ground, 

and    tur    any   distanee. 

Capacity,  from  20  to 

500  tons  per  day  and 
over. 


Hdoantages 

Over  Otbcr  Systems. 

Economy  in  Cost  and 
Working. 

Few  Supports. 

Reduced  Wear  of  Cables. 

Simplicity  of  Construc- 
tion. 

Long  Spans  and  Steep 
Gradients  Overcome. 

High -Class  Material. 


NUMEROUS  INSTALLA- 
TIONS AT  WORK  in 
England  and  Abroad, 
GIVING  THE  GREATEST 
SATISFACTION.  Inquirers 
should  stale  LENGTH, 
CAPACITY,  and  NATURE 
OF  GROUND. 


Estimates,   Pamphlets,  and  full   Partieulars  on  application  to 

The  ROPEWAYS  SYNDICATE,  Ltd..  30.  ST.  MARY  AXE.  E.G. 


'5    ""^^'J    ^^J 

Telegraphic  Address  :    "ROPEWAYS,    LONDON." 


t 
It 

It 


Jmi^lBMiMm 


Miscellaneous 


THE    XXth    CENTURY   ALADDIN. 


A    New    Light    for    Advertisers, 


mMim 


~^ 


Iron  and  Steel 


CONSETT  rRON    COMRANY  L 


WORK  SandOFFICCS    -  CONSETT  c  Durham 


Steel    Plates  &  Angles 

(Siemens    Acid   Process). 

Tees,  Bulbs,  Zeds,  Channels,  Bulb  Tees,  and  Angles, 

ROUND,    SQUARE    AND    FLAT    BARS. 

STEEL    CHEQUER    PLATES 


BESSEMER    PIG    IRON. 


Oval  and  Diamond  Patterns. 


V\rEEK:iL,^5r    OUTr»XJT 


mr 


steel    Plates 
Angles 


2,500   Tons. 
1,500 


COAL  OWNERS  and  Makers  of 

^     ^      Firebricks,  CoKe,  <Sc.,  for  Blast  Furnaces  and  Foundries. 


Malcri.-il    of    the    HIGHEST    QUALITY    manufactured,    such    as    is    used    by    the    British    and    Foreign    Governments    for 

Shipbuilding    and    Engineering    purposes. 


OFncEscoNSETT i»"«MAM ANoNE WCASTLE  »" T  VNE 


■?1S 


.©MEKUlf    Iron  and  Steel,  &c. 


cr>i©xc 


Brown  Bayley's  Steel  Works,  V' 


Telegraphic  Addresses 


»     •  BAYLEY.  SHEFFIELD. 
(   "BALI,  LONDON." 


SHEFFIELD. 


r— 


Manufacturers  of  Steel  by  the  "SIEMEN'S"  and  "BESSEMER'  Processes. 


MAKERS  OF     .     . 

Tyres,  Axles,  and  Springs  for 
Railway  Locomotives,  Railway 
Carriasjes  and  Wa,2:ons,  and  for 
Tramway  Hngines  and  Cars. 


Special  (iuaranteed  Spring  Steel  for 
Railway  Locomotive  Sprin8:s,  Railway 
Carriage  and  Wagon  Springs,  and  for 
Lorry,  Dray,  and  Cart  Springs. 

Planished  Steel  Bars  for  Sliaftiii.<j  for  Engineer-, 
and  Agricultural  Implement  Makers. 


STEEL  FORGINGS. 

SPECIAL  STEEL  BLOOMS  AND  SLABS 


London  Office:   Suffolk  House,  Lawrence  Pountney  Hill,  E.c 


ENGINEERS  &TOOL  MAKERS. 

TD  MACHINE    CLEAN  fr.  BRIGHT 
ALL    OVER. 

ParkePx  Foundry(o.Dei^by. 


ON-    ADMIRALTY     U  TT 


RAILS 


FISHPLATES,  B0LT6,5PIKE5,CtlR|RS4c 
^^    POINTS  AAiD  CROSSINGS. 


^       LEEDS     *• 


Fried.  Krupp 
Grusonwerk. 

Magdeburg-Buckau   (Germany). 


Crushing 


and 


Mining 


Machinery. 

I  ARGL  TESTIN(i    STATION  at   the  NNDRKS. 

C.\  I  \ I. Ory L'I:S    <)\   A I'I'I.IC  \  TIO\. 
SmIc  Representative  for  Great  Hritain  .mil  Irel.nul 


W.  STAMM,  „J 


25,  COLLEGE    HILL. 
NON  ST..   LONDON.  E.C. 
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BmMm 


?ii> 


Iron  and  Steel 


DROP-FORCED  WROUGHT  STEEL  SPANNERS 

Sw      \        III   -nil    :;.|(iihs  1(1  3-in.   Nuls. 


© 


ALL  SIZES  SUPPLIED  FROM  STUCK. 


y^ 


I    V^ 


Q 


1 1 

1^ 


SOLID    ^-^    DYNAMO 

DROP    g=Fr       EYE 

FORCED.  ^^    BOLTS. 


(? 


Armstrong,  Stevens  &  Son, 


SjJ-l 


^  '\iJF' 


w  hhiall  siRiiin. 

Birmingham 


Price  Lists  on  application. 


S 


/iv 


Uhi 


'::||i 


C/rankshafts  &  F  orgings 


BENT  CRANKS  (Square  or  Round)  FOR  MARINE  AND  OTHER  PURPOSES. 


^OODHOUSE  &  RIXSON, 


^ 
^ 
^ 
* 
<* 
^ 
* 
^ 
* 

5 

^ 
* 
^ 

5 

* 
* 
* 
^ 
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SHEFFIELD.   I 


®MIKil 


Iron   and   Steel 


Styrlan  Steel  Works, 
SHEFFIELD. 


SAM^   BUCKLEY, 


St.  Paul's  Square, 
BlItMINCHAM. 


MANUFACTURER,    ROLLER    d    FORGEMAN    of   every    description    of 

CRUCIBLE  CAST  6  MILD  STEELS. 

Speciality  : 

BOHLER  STYRIAN   STEEL. 


Contractor  to  H.M.  Government,  War  Office,  Admiralty,  India    Office,  d    Foreign    Govts.      J 


RICHARD    DAVIES    &    SONS. 


VICTORIA 

BOLT  AND  NUT 

WORKS, 


f 


BILBERRY 

ST., 

MANCHESTEH. 


Manufacturers  of  BOLTS,  NUTS,  WASHERS,  RIVETS,  TIE-RODS  IN   IRON   OR  STEEL.     Also   BEST   BRIGHT  FINISHED  NUTS, 
SET  SCREWS,   WASHERS.  &c.,  FOR  ENGINEERS  AND  MACHINISTS.    Telegrams:  "HEXAGON.  Manchester." 


THOMAS  SMITH  &  SONS  OF  SALTLEY,  LIMITED,  BIRMINGHAM, 


Contractors   to 
War  Office  . 
India   Office 
Admiralty    . 
British  and 
Foreign   .     . 
Railways 


Accurate      and 

Reliable  .     . 

Stampings  for 

Engineers    .     . 

Shipbuilders     . 

and  Kindred 

Trades    .     .     . 


AN      OLD     ESTABLISHED     FIRM      OF     50     YEARS     STANDING. 


C     Z 


Iron  and  Steel 


Fainley  Iron 


JHil 


ROLLING     BARS. 


Farnley  Bar  Iron  is  used  in 
Mining  for  pit  cages,  suspending 
gear,  and  other  important  parts, 
and  on  all  the  leading  Railways 
in  Great  Britain,  India,  and  the 
Colonies,  for  shackles  and  other 
vital  parts  subjected  to  repeated 
shocks. 

Farnley  Iron  will  stretch  cold 
from  li'  in.  to  2;:  in.  in  a  length 
of  6  in     before    fracture,    and    is 

safest  for  welding.       ^^^Q^ 


Address:  The  Farnley  Iron  Co.,  Ltd.,  Leeds,  England. 


ON    ADMIRALTY    LIST. 


Telegrams:   "CRANKS.    LINCOLN. 


FOR    eRHNKS 
&  FORGINGS 
©F    EVERY 
DESeRIPTION 
WRITE   T0 


eLARKE'S 
eRHNK   & 
FORGE    eO., 
LTD.,  LINCOLN, 
ENGLAND. 


Iron  and  Steel 


stocked 


in  principal  citiea  o'.  the  worli.   Your 

"pipe"   or    "tocl"   man  will   aupplj'- 

details  of  this  peerless  wrenoh. 


Dro|)=lorging.s  only. 


F.  A.  KEEP,  JUXON  &  Co 


OF    EVERY     DESCRIPTION. 


TANKS 

FOR 

TRANSPORT 
SERVICE. 

WIISCELLANEOUS 
IRON-PLATE    and 
CONSTRUCTIONAL 
IRONWORK. 

Forward  Works, 

BARN     STREET. 

BIRMINGHAM. 
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Iron  and  Steel 


J»  H|-»i  — »l. 


WALTER    SCOTT,    Ltd., 


LEEDS      STEEL  Telegrams: 

WORKS  ... 


Bessemer, 


LEEDS,  ENGLAND. 

Manufacturers  of    .     . 

Rolled  Steel 
Joists, 
Channels,  etc. 

Mild  Steel   Blooms,  Billets, 

Slabs,     Tinbars,      Rounds, 

and  Flats. 

Speciality: 

Tramrails. 

Books  0,    Sections  and  other  infoiination 
on  application. 


ASKHAM  BROS.  &  WILSON,  L^°  Sheffield. 


(Proprietors:  EDGAR  ALLKN  &  CO.,  Ltd.) 


ONE    OF    THE 

MOST  IMPORTANT 

JUNCTIONS 
IN     GREAT    BRITAIN. 


View  of  NOTTIXr.HAM   CENTRAL  TKKMIXrS  l;iul   out   compltte  nt  our  WorUs 


Points  12  ft.  to   15  ft.,  in 

SPECIAL  CAST  STEEL, 

fitted    with 


ALLEN'S 

MANGANESE  STEEL 

Renewable  Centres. 


H»iS 


Tubes 


Thomas  Pigqott  &  Co.,  Ltd.. 


GAS,  HYDRAULIC  and 
GENERAL  ENGINEERS. 

J»    -it     -f 

Gas  Plants  and  Construc- 
tional Ironwork  of  all 
descriptions. 

Columns  Girders,  Castings. 

Welded  and  Rivetted  Steel 
Pipes. 

Stamped  and  Steel  Angle 
Flanges. 

Steel  Chimneys  of  all  sizes 
and  designs. 

Tanks  in  Steel  or  Cast  Iron 
for  Petroleum  &  Water. 

Pans  for  Sugar,  Cassada, 
&C.I  for  all  Markets. 

^     ^     ^ 

London  Office: 

i4,Ct.St.TH0IVIAS  APOSTLE 

"  Atlas,  Birmingham." 
"  Intersection,  London. 

ABC  and  Ai  Codes  used. 


^^, 


Stcc!  Lattice  Girder  Bridge,  in  one  span  of  115  feet  10  inches,  12  feet  deep,  and  13  feet  wide,  erecte  1 

over  the  Kiver  Teme'  at  Ludlow,  and  carrying  Welded  Steel  Main  3  feet  6  inches  diameter. 

for  the  Birmingham  Welsh  Water  Scheme. 


The  CLEVELAND  BRIDGE « ENGINEERING  C° 


NEW   HIGH   LEVEL   BRIDGE    NEWCASTLE-ON.TYNE. 


LiiVIITED, 

DARLINGTON,  ENGLAND. 


Bridge  Builders  & 
Contractors. 


Annual  output   15,000  tons. 


CONTRACTORS     FOR 

I  he    .>c\»    llii;h   lc\cl    l^ridi;c  o\cr  Ihc    I  v  nc 
at  >cwci\.sHc  lor  the  PSorth  I  a.slei  ti  l^l\.  Lvi. 
Cc\ir\ini;  lt>Lii- l^aili-Ov\«l>,  \  akie  hall  a  million. 


SPECIALISTS     IN     DEEP     FOUNDATION     WORK. 
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Mi™ 


"~~?^ 


Tubes 


MANUFACTURERS     OF 


Weldless 


and  .  .  . 


Iron 
Tubes, 


Steam  Pipes,  Hydraul 
Tubes,  Boiler  Tubes, 
High  Pressure   .    . 
Steam  Mains, 


HOLLOW   FORCINGS. 
COLLARS.  FERRULES. 
BUSHES,  LINERS. 
COUPLINGS.  AXLES. 
PISTON  RODS. 
Etc..  Etc., 
Quoted  for  on  .  . 
receipt  of  .  .  . 
particulars. 


SPECIALITY. 

Contractors  to  the  War  Office 
and  Admiralty. 

Tubes  Limited, 

BIRMINGHAM. 

Nat.  Telephone  No.:  2582.    Telegrams:  "  Cylinders,  Birmingham.*' 


^^iSS@™i^tf 


Boilers 


THE  STIRLING  COMPANY 
OF  U.S.A. 

J  he  Orlqinal  Manufacturers  of  the 

STIRLING 
sum  BOILER 


THE  MOST  ECONOMICAL  BOILER  ON  THE  MARKET. 

ADAPTED   tor    ANY    KIND   of  FUEL,  and  for 
either  HAND  or  MECHANICAL  STOKING. 

Specially  suitable  for  Firinfr  by  Gas 
from  Blast  Furnaces  or  Producer?,  or 
tor  utilisingW  aste  Heat  from  Heating 
Furnaces.  Lpwardsof  1,400,000  H.  H. 
of  our  Boilers  in  operation. 


ESTIMATILS      GIVEN       FOR      COMPLETE       BOILER-HOUSE       EQUIPMENTS. 

BRITISH     BRANCH 

53,  Deansgate  Arcade,  Manchester. 


TELEPHONE   m»>^- 


Teleiirams 


TL  lil  l,OL  S.    .MANCm>Ti;k 


THE     MORRIN     PATENT 

'CLIMAX'WATERTUBEBOILER 

600,000  H.P.  in  use. 


Made  in  all  sizes 
up  to  1,500  H.P. 

Suitable  for  all  Sleanl-rai^illt; 
purpost-s.andall  condilinns 
of  workinfj. 

Best  disposed  Heating  Sur- 
face lor  utilisation  01 
furnace  jjascs 

Best  water-circulatinS  system 
and  steam  superhcalinn 
sy^tcm  oblainalile. 

Tubes  all  one  size,  and  ex- 
panded into  one  drum  only 

Fconomical  in  tloor  space. 

Econcimical  in  working;, 
whether  lired  by  hand  .., 
mcchanicallv. 

Also  Coal,  Coke,  and  Ash 

Conveying  Plants, Water 

Sotteners,  and  Puriliers, 

Steel  Chimneys,  &.c. 


LTIJ.. 

Clim.ix  Hcilcr  lilcrhj, 

REDDISH,    ncur 

MANCHESTER 


LEEDS  CITY  BOILER  WORKS 

l:slahllshcd    I.SOJ. 
a    a    ON    ADMIkALTV    LIST,    a    a 


MAKERS  OF 


High-Class 
BOILERS 

To  stand   any   test   or 
pass    any    inspection. 

MAOi;  iiv  Tin: 

LATEST  IMPROVED 

MACHINERY. 


London    Office:   47,   VICTORIA   ST..   WESTMINSTER. 


Yorkshire. 


VERTICAL     BOILERS 


\l»n\s    in    .sfcitA  and  in   l'rni:re^ 
JIALITY.-Uuilcrti     lined     vMlh     UcikIH""  ■•    l'-'<' 
.  s  ^i,c  Jii  pel-  cent,  increased  heatinj-  nurface  over  •■ 
-actors   lor  Roofs  nnd  nil   kinds  of  SirtKin' 
Steel  Work. 
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■*"«l*,»,^^       ^^^  /^'  .- 

I^ROVLES    limited-  IRIAM  •  A\ANeHESf ER. 

COCHRAN  BOILERS 

PATENT     VERTICAL     MULTITUBULAR 


r 


AND 


High=Class    Cross    Tube 


Supplied    to    all    the 
LEADING 

STEAMSHIP    OWNERS 

RAILWAY    COMPANIES, 

and    GOVERNMENTS 

throughout    the    World. 


COCHRAN  &  CO.  (Annan), 

LIMITED, 

ANNAN,  Scotland. 
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PiiWlMiES 


Boilers,  «S:c. 


Engineers  and 
Manufacturers  of 


BABCOCK  &  WILCOX  Ltd., 

Patent  Water=Tube  Steam  Boilers. 


OVER   3,900,000   H.P.    IN    USE    IN  ALL    INDUSTRIES. 

The  only  Water-Tube  Boiler  which  gained  the  GRAND   PRIX 

(Highest  AwardI  at  the  Paris  International    Exhibition,    lUlX). 


Complete   Installations  of  Steam 

Piping  and  Boiler  House   Plants. 


ALSO 


WATER-TUBE  MARINE  BOILERS. 


E-^nMATEi   AND   PI.ASS    Oy   AFPUCATIOS. 


BaBCOCK   &    Wll.COX    BOII.KR,   I-IITKO   WITH    SfF'FKHK ATKR. 


Head  Offices  — 

LONDON:  Oriel  House,  Farringdon  St. 
E.G.  ;   and   Branches. 


A  valuable  treatise  on  "Steam  "  and  "  Ac- 
cessories "  Cataloi;ue  free  on  application, 
to  Engineers  and  Stc.im  Uslts. 


WORKS:   RENFREW,  Scotland. 


HerbertIPeriamL™ 

FipgDCaTES^v/oHks 

BiRMirlCHAM. 

TELEGRAPHIC   ADDRESS 

■'FLOODGATE"  BIRMINGHAM. 

TELEPHONE     N°  373. 

STOCK     250.000     CROSS 


^^1^ 


m 


^ 


^^       -T-    -J 


'^^'     :=^3 


-O- 


o 


/^'    \:r 


U-  V^y 
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JiS^Bmm] 


Brass  Foundry 


and 


Mitton, 


Best  CumpoiiiKl  Pressure  :in(l 
Vacuum  Gauue.     Xo.  ij. 


MAKERS    OF 


HIGH-CLASS 
FITTINGS  ONLY 


for  Engines  and  Boilers. 


Steain  i'l  cs^ure  Oau.^o.       \<i.  i 


Engineers' Brass  Finishers. 

CROWN  BRASS  WORKS, 
OOZELLS  STREET  NORTH, 

BIRMINGHAM. 


^—  ADJUSTING 
~^  NU  r 


SPRINT 


IM 


WATES 
CYLINDER 


OUTLET 

Law 
PRESSURE 


Duplex  Test  Gau.t^c.     N. 


NUT     POP 

adjusting' pP^-T  r 
LIFT  OF  VflLI/El-J— ^ 

SKETCHED  AS 
UNDER    PRESSURE 

Reducing  Valve. 
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Xo.  1)2^.— C"inp.. unci  Gland  Cock.     With  Loeki 
Arrangement  and  .\sbestos  Packed. 


Slewed  Gland  ColU. 


Wells'  Specialities 


♦*♦♦•♦♦♦•♦ 


« *  *  • 


THE      ^l 


mens  ciabt" 


(WALLTOPK  &  WFLLS'   PATENTS). 

POWERFUL     PORTABLE     LIGHT     FROM 

Up  to  5.000  Candle  Power. 

For  ENGINEERS.  CONTRACTORS.  SHIPYARDS.  RAILWAYS.  COLLIERIES 
QUARRIES.    MINES.     HARBOURS.     DOCKS,     etc. 

OVER      17,000      SOLD. 

Supplied  to  500  British  and  Foreign  Railways. 

Adopted  by  26  Governments  and  all  leading  Firms. 

Exclusively  used  by  the  Great  Military  and  Naval  Powers. 

No.  o.     Lamp.      500  Candle-power.     Small  Hand  pattern 
..     I.         Do.       500  or  1.500  Candle-power.     Hand  pattern  " 

,,     2.     I, .500  or  2.500  Candles.     Useful  and  Portable  pattern 

.,     3.     2,500  or  3.500  Candles.     Manchester  Ship  Canal  pattern  . ' 

„    4.     3.500  or  5.000  Candles.     A  most  powerhil  Lamp  .  .  .         . .  '_ 

Burns  either  heavj'  Wells'  Oil  or  Petroleum,   but  the  former  is  very  cheap  and 
30  per  cent,  more  light  than  petroleun 


Kettle  Torch  Lamps. 

The  Miner's   Favourite. 

Thousands  Sold. 

Used  exclusive!)'  by  De  Beers, 

I^andt  Mines,  &c. 

Also  largely  used  by  Con-  ^.^y. 

tractors.  Corporations,    '      * 

Collieries,  &C. 

Large  Flaming  Light 

No.    18,   3   Pints,    i;^   in 

Wick,  4s.  6d.  each. 
No.   28,  same   shape    a' 
above,  but  having  two  Wicks, 
6  Pints,  9s.  each. 


18a.         A  Splendid 
Lamp,     htted 
with  2  in.  Wick. 
5  Pintscapacity 
9s.  each.  Suit- 
able for  Sewer- 
;c  and   Drainage  Work, 
Steam  Trawleis,  &c 


WELLS'  OIL  CAS 
GENERATING    LAMPS. 

IJght  from   Kerosene  or  Petroleum 

without  Wick.  Smoke,  or  Smell 
at  less  than   One   Penny  per   hour. 

I\ih\t  SaUty. 
Xo  E.if'lo.-iivf  Nattha 

Tliousaiids  sold. 
Unaffected  by    Wind. 

EACH 
So.  II,  3  hours  119 

No.  12A,  with  Tripoli    13  9 
No.  13,  5  hours  14  - 

No.  13A,  with  Tripod    17  - 
No.  I.J.  7  hours  16;- 

No.  14A.  witli  Tripod   19/- 


E.xtra  Burners 
for  above, 
2s.  each. 


£7 
£10 
£15 
£16 
£17 


Wells  Lightning 

LIMES  COLOR 


WASHER. 

WAlLMlRKfcVtUSMrfATS 


NO    OUTSIDE     POWER     REQUIRED. 

LIME,    WHITING,  OR    COLD   WATER    PAINTS, 

Applied  at  a   speed   of   trom   8   to    10   aquuru  yurds 
per  minute.  In  a  manner  superior  to  brush   work. 

Oneco.at  with  the  Machiiic  on   n.iii;h    vuifacc-^is   i-qual  t'.  tw. .  applied  witli  brushes 


Will   save   First   Cost   in   a    Few    Days. 


INo.  4. 

No.  4A 

INo.  6. 


Price,    with   5   ft.   I^ole,   Single  Spraying  Noz/.tc,  ai 

26  ft.  Special  Ainiuured    Hose, 
Price,    with    Wheels.    5   ft.   Pi.le.   Single    Spiaying 
No/./.le,  and  20  It.   Speci.il  Ai  nn.iired  Hose, 
Same  capacity  as  No.  1  Maohtna. 

I- 


i..S    lO.s. 
110     lOs. 

i.7     7.S. 


A.    C.   WELLS    {3    Co.. 


g  100a,    Midland    Road.    St 


WorRs  :  Cheetham,  .Manchester. 


Pancras, 

LO.\UO.\.   N.W. 


»i 


%' 
i^ 
i* 


cass^*^^ 


^^:  ^^^  ^*lfl' 


*    #     *    * 


•  *♦  ♦    ♦    ♦ 
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jRmMmE 


Packings 


THE 
BEST 


METALLIC  RACKING 


IN     THE     WORLD. 


OVER    130,000    FITTED 

TO    ALL    TYPES    OF    ENGINES    IN    EUROPE.    ASIA. 
AFRICA.    AND    AMERICA. 


Supplied  to  the  British,  United  States.  Dutch,  Spanish, 
Japanese.  6c.,  Navies.  Friction  Decreased.  Power  and 
Fuel     Saved.  Vacuum     Improved.  Automatic     Self- 

Adjusting.    Steam  Setting.     Entirely  Metallic. 


United  States  Metallic  Packing 


CO.,    LTD. 


Te!tj;rnnis  :  "  Metallic,   Bradford. 
Telephone  No.:  604. 


BRADFORD. 


Also   MaKers   of 


THE  BRADFORD 
PORTABLE 


Power  Drill  &  Reamer. 


AIR    COMPRESSORS    and    PNEUMATIC    HAMMERS. 
PNEUMATIC    HOISTS.      PNEUMATIC    PAINTERS. 
PNEUMATIC    RIVETERS,    6c.,    6c. 


OVER       3,000,000        H.P.       FITTED. 


Correspondence   invited. 


COMBINATION 
METALLIC 

PACKING 


^  THE 

COMBINATION     METALLIC     PACKING 

GATESHEAD=ON=TYNE.  '^^    ^^° 
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fEM^mhmM 


t T- 


1^ 


Packings,  &c. 


The    (< 


LANCASTER" 

R.T.IYI. 

""     I      PATENT  .  .  . 

METALLIC  PACKING 


Supplied     to    British    and     JToreign 
Navies  and  all  Principal  Engineers. 

CAN    BE    TIGHTENED    UP    IN    A    FEW    MINUTES. 

WORKING   ENGINEERS  PREFER  THEM   TO  ALL  OTHERS. 


Save  60  per   cent,   of   Friction    over 

best  Asbestos    Packing.      Need   not 

the  slightest  attention. 


WRITE      FOR      FULL      PARTICULARS       TO- 

Lfancaster  Cf   1  Onge,  L/td-  Pcndicton,  Manchester. 


Waygood   &  Otis, 


LTD.. 


LIFT    MAKERS, 

3Bs  Special  Bppointnicnt  to  1b. /i^.  tbc  Ikiiui. 


i^^ 
'/*^' 


Electric,  Hydraulic,  Belt  Driven,  Hand 

LIFTS   &  CRANES. 

Falmouth    Rd.,   LONDON,    S.E.. 

42,    QUEEN    VICTORIA    STREF.T.    E.G. 


BALL    BEARINGS 


For  Crane  Hooks 
Crane  Posts, 
Worm 

Gearing, 
Turntables, 
Turbine 

Shafts. 
Propeller 

Shafts. 
Etc. 


ROLLER 

BEARINGS. 

STEEL  and 

METAL 

BALLS, 
.(ltd  BiiKlit. 

Accuriilcly 

Finished 

NUTS. 


The  Auto  Machinery  Co.,  L'" 


COVEr«JTI^Y. 
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Safes,  &c. 


CHiiS 


^aItES 


AFFORD  THE 

BEST 

PROTECTION 

AGAINST 


FIRE  AND  BURGLARS. 

CHUBB   &   SON'S 

Lock  &  Safe  Company,  Ltd., 

128,  QUEEN  VICTORIA  ST.,  LONDON,  E.C.. 
And  at  Manchester,  Liverpool,  and  Glasgow. 


Works :~LONDON  and  WOLVERHAMPTON. 


us  iZ  «?  Jj 


IT  IS   IMPOSSIBLE  FOR  YOU 


to     read     all     (he     ciigineerin.u 

lilcnaturc  wliieli    i>    publislietl,  but   \(>u  e.iii   iniihiic    vmir   subscription    to   the   b^-st  journals — those  containiu.ii 

articles  by  writers  who  are  lhorou,L;lily  eompetent  to  deal  with  the  subjects  in  which  you  are  chictly  interested. 

TEST  THIS    XrMP.KI^;    ox     its    MKKITS.      H    vou   think    it    is   entitled    to    a    place   amonii  the   best 

journals,  you  can  save  time  and  ensure  a  regular  tleliverv  of  the  Magazine  bv  ^endin;^  u'-  an  annual  subscription. 


Great  Britain  In  advance,  I2s.  for  twelve  months, 
post  free.     Sample  copies.  Is.  4d.   post  free. 

Foreign  and  Colonial  Subscriptions,  I6s.  for  twelve 
months,   post   free.     Sample   copies.   Is    6d.,   post   free. 


Clun    House, 

Surrey     Street, 

Strand,   London,   W.C. 


Electric  Cranes,  &c. 


Electric  Cranes. 


If  you  require  a  Crane,  you  want  the  best. 

It  is  possible  to  pay  a  low  price  and  yet  have  a  dear  Crane. 

Our  object  is  to  give  entire  satisfaction,   because  we  wish  to  do 

more  business  as  the   years  go  by. 
We  make  Overhead  Electric  Cranes  up  to   100  tons  capacity. 
Any  advice  or  information  that  we  can  give  is  yours  for  the  asking. 
We  invite  your  inquiries. 


THOMAS    BROADBENT  6  SONS, 

HUDDERSFIELD. 


Limited. 


THE 


Phosphor  Bronze  Co., 


SOUTHWARK,  LONDON,  S.E. 


LTD 


SILICIUM    BRONZE    WIRE 


III  livi.'  Kiades  ol  Cotidiutivity  and  TcMisik'  Sti-englli.) 

The  best  for  Electrical  Aerial  Lines.  As  used  by  British 
and  Foreign  Governments,  and  the  principal  Telephone 
Companies,  Electrical    Enjjineers,  etc. 

SILICIUM     BRONZE   is  also  supplied  in   the  form   of  Billets.  Ingots. 
Strip,    Sheet,    and    Rods. 

■>nths  advt.  for 


5' 


Lubrication 


kk 


VACUUM"    WASTE    OIL    FILTERS    (Patent). 


SAVE    INITIAL    OUTLAY    IN    A    SHORT    TIM 
Prices  from  37s.  6d.  to  £21  each,  with  filtering  capacities,  varyini;  from  2  i;allc_in-  per  week  to  c,c  , 
Largely  adopted  by  gas  engine  and  other  machinery  users.     Invaluable  lor  Electric  Lighting  Stations. 
I»A.TEr*T      OIILi       ST01RR.GJE:      CH-^IN 


jallons  per 
Full  partic 

e:ts. 


day. 

ulars  on 


Closed. 


=■  =  -a  o 

■^  £  «  c 


iy-u 


"B"  TYPE 
PATENT  FILTER. 


■  a 


(In  three  ty 
application 

Open. 


pes.) 

— also  of  our 


VACUUM    OIL  COMPANY,  LI^   NorfolK  Street,  LONDON,  W.C. 


CI  <iCi 


—When    everything   else    fails.  Very    often    the    point    is     How   to  get    it   there  ? 

KAYE'S   SEAMLESS    OIL    CAN 

Will  solve  the  most  diilicult   problem   coiinecied  with  luhrication.     The   double   wrapped   spout  may   be   bent  into 

any  lonn  without  breakai,'e  or  Jeakaoc 


JOSEPH       KAYE       6      SONS       Ltd  LocR   Worhs.  LEEDS  =    and 

»^v^vji^x    XX       xvr^  X  X-,       V-*       %JVyi^>J,     X^IU.,  93,  High  Holborn.  LONDON 
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Hi^@MDca 


Lubricators.  &c. 


"       VRIL 

FOCAL  PLANE  HAND  CAMERA. 


FOR  TIME  OR  INSTANTANEOUS  EXPOSURES. 


The  Shutter  has  a  range  of  exposure  varying 
from  ,„'„„th  to    th  of  a  second. 

i-plate  size  measures  8x7x3  inches  and  weiglis  cumplele  with 
Lens  3\  lbs. 

Extreme  portability  &  lightness  combined  with  high-class  workmanship. 

/■.;.■■  '  :>!:    ::'  :i^      :  >i  f-plicaiton  Ic 

W.  WATSON   &   SONS, 

313,  Higt]  Holborn,  London,  &  16,  Forest  Road,  Edinburgh. 


RATEINT 


LUBRICATORS,  OIL  CONDUCTORS, 

GREASE    CUPS. 


FINEST 


QUALITY. 


5_  ^  7 

16  8  6  2 

Cast  Steel  and    Phosphor  Bronze 
Send     for     New     Catalogue 


TEALE   d  CO.,  Birmingham. 


W.H.WILLCOX6Co.,Ltd.    * 

23,   34   and   36,  SouthwarK  Street.   LONDON. 

PENBERTHY    PATENT    INJECTOR 


For  ALL  Boilers. 


Acknowledged  the  best  tor  Traction 
Engrines,  &c. 


OVER    250,000     IN    USE. 

HANDLES    HOT    WATER.  Will   Deliver  at  BoilinR  Point. 

WorKs  on  High  and  Low  Pressures. 
AUTOMATIC    and    RESTARTING.  Lifts  up  to   22  ft. 

N     3      STYLES      AND     16    DIFFERENT     SIZES 


•■=(r#- 


ASHTON'S  1^2^^-  LUBRICATORS 

Never  pail.       Thousands  Sold 


SENT     FOR     ONE     MONTH'S     FREE    TRIAL. 


4  FiiiLs. 


■fc>      <> 
AsK  for  List  36. 


rj   Price       36-    •       33-  45-  75-  110  -     each. 

Do  not  confu.sc  this  with  the  cheap,  unfinished,  American  make. 

THOMAS   A.   ASKTON,    Ltd..  Norfolk   Street,  Sheffield. 


Miscellaneous 


'i,j*  >'  J*   *>  *^  y*  J*  >'  ^»  y*  J*  J*  ^*  J*  J*  ^*  ^*  ^*  ^'LJ'LJi,Ji,Ji,Ji^.^it.^i,Jir^ir'^^'^'if^^-^~.^'i,^*  J*  J*  ^*  J*  J*  J'  ^'   *'  J*  ^ 
'»  rC  »r  rC'V^'VC  *C  *C  fC  fC  *C  f^  <r  r^  *^  *»'  fC  fC  *r  fK    *»  *k    r»  rk    r«  *k    r»  *»  r»  r»  »»  ^»  r»  »»  rC  rr  r^  tT  *^  y^  f^  ri"»r  tC 


^* 


J* 
»*' 

J* 

JA 

*^ 

^< 


^^ 


r^ 

JA 

r^ 

JA 

rC 

^A 

*c 

JA 
*^ 

JA 
*r 
JA 


Watch  your  Work!       Don't  Trust  to  Chance. 


THE 


OLIVEI^ 


WRITES      IN 


TYPEWRITER 
SIGHT 


And    your    \Mork    is    always    be'fore   you. 

A  Time  Saver  !       A  Business  Builder ! 
The  STANDARD  VISIBLE  WRITER 

Used  by  leading  Engineering  Firms,  including— 

Ll.OVD     &     LLOYU,    Ltd.;     BABCOCK    iN:    WiLCDX,     Ltd.:     STIKIKVAXT    EXGIXEERIXd     Co. ; 

James  Keith  &  Black.max,  Ltd.  :  Vickeks,  Soxs  &  Maxim,  Ltd.  :  Merry- 
WKATHER  &  Soxs,  Ltd.  :  Meldri'm  BROTHERS,  Ltd.  ;  EiMsox  iS:  Swan  Uxited, 
Ltd.;  JoHxsox  &  Phillips;  John  Dkwraxce  *:  Co.  ;  British  Westixgiiouse 
Co.,  Ltd.;  Marshall,  Sons  &  Co. 


'■'.-^ 


■1    Is    not    this    good 
testimony  ? 

Send    ior    Catalogue — 


Oliver     Typewriter    Company,    Ltd., 

75.    QUEEN    VICTORIA    STREET,    LONDON,    E.G. 

f*,J*  JA  ^A  ^A  ^A  JA  JA  JA  JA  JA  ^A  JA  ^A  ^A  ^A  ^A  ^A  JA  JA  JA  JA  JA  ^A  JA  JA  JA  JA  ^A  _^A  JA  JA    ><    >>  JA     >4     \A     \A     \A     <>A     >A     »<     »<   J*    . 
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JA 
*C 
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^A 

^A 
*^ 

^A 

JA 


Fans,  &c. 


"SIROCCO" 

Centrifugal 
Fans 

.  .  I  OK  . 

VENTILATION 
FORCED    DRAUGHT 
INDUCED  DRAUGHT 
HEATING, 
COOLING. 
DRYING. 
REFRIGERATION. 
DUST   REMOVAL. 

"SIROCCO"   FANS   FOR   S  S.     •CELTIC."  FORGE  FIRES,   tTC.  liTC. 

3lso  "Sirocco"  Propeller  Tans,  Furnace  Pronts,  Engines,  etc. 


Illustrated    and    Descriptive    Pamphlets 
on    Application  S  S  *  * 


DAVIDSON  <S  CO.,  Ltd., 

Branches:  LONDON. M»N^^^^^^^^^^  "  Sirocco  "  Engineering  WorKs,  BELFAST. 


"  STANDARD 

EXHAUSTERS, 
BLOWERS, 

FANS, 


» 


Write    for   Prices    and    Particulars    to 

THE  STANDARD  ENGINEERING  CO.,  LTD, 

LEICESTER. 
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431  WiLFLEY  Tables 


Have  been  installed  by  the  .  .  . 
ANACONDA COPPKH  COMPANY, 
and  arc  nuw  in  use  at  that  mine 


li  you  are  in  the  market  tor 
CONCKN  TKAIINa  MACMINHkV. 
send  fur  particulars  of  the  No.  4 
WILJ  LHN  TAltl.t;.  to  be  obtained 
of   the    Sole    Proprietors:  — 


THE  WILFLHV   ORE    CONCENTRATOR 

SYN[)ICATE,   l-td.. 

7- 11,  Aloor^ate  Street,  London,  E.C. 

Telegraphic  Address  :  "  WRATHI.ESS.  Lo.NIWX. ' 

Telephone  No.  :  IO5J  LoXIK)X  WALL. 

.Icsused:    BkDIoKII    McNkII  L  .   A.  IS.  C.  :    MoRKINO  &  N'KAL, 

GKNKKAL. 

More  than  4,000  Wilfleys  have  been  sold. 
Upwards  of  600  mines  are  using  our  Concentrator. 


BAYUSS,  JONES  &BAYLISS 

WOLVERHAMPTON.  ^ 

LONDON  SHOW  rooms:-     ^ 
I59&I4I  CANNON  STE.C.       " 


5**^ 
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CATALOGUES 
FREC. 


or    IRON 

FENCING, 

GATES,    &c. 


And 
All  Kinds  of 

RAILWAY 

and 

TRAMWAY 

FASTENINGS, 

Galvanized  Telegrraph  Poles,  &c. 
Also  Mfrs.  of  the 
<<  EUREKA"    LOCK- 
NUT.  --  -^ 
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BLACKMAN  ELECTRIC  FANS 


(Or  Belt  Driven) 

FOR  VENTILATING. 

OVER  60,000  IN  USE. 

MOST  CONVENIENT, 
EFFICIENT,  & 
ECONOMICAL. 


GOLD    MEDAL 

PARIS,    1900. 


JAMES  KEITH  &  BLACKMAN  GO. 


Ltd. 


27. 


Specialists  in  Beating.  Ucntilatinfl 
and  Biqh  Pressure  (ias  Lighting. 
Farringdon    Avenue, 


LONDON       E.G., 

And    BRANCHES. 
Works  I  HOLLOWAY,    N. 
Foundries  I    ARBROATH. 
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Ventilation,  &c 


MATTHEWS  &  YATES,  11° 

Swinton,   MACHESTER. 


The  Cyclone 

Steam  Fan 

IS    EXTENSIVELY    USED    FOR 

Ship  Ventilation 

AND    SITUATIONS    WHERE    OTHER 
MOTIVE  POWERS  ARE   NOT  AVAILABLE, 

LONDON:  84,  Cray's  Inn  Road,  W.C. 
GLASGOW:  144,  St.  Vincent  Street. 
NEWCASTLE-ON-TYNE  :  3.  St.  Nicholas  Buildings. 


^j  yed  for IBi  drainage  of  CASTB?URriE. 

Bombay,  RAMGooh,5ouTnAMPToM,  / 

CAPEToWM  and  many  otFer  Towry.  ^ 

Co/nPRCSSEDAl.Rllm^ 

for  raising  wciter  from  WBLLS,  BoREt1oL53e:c. 
-AIIV  V  I  ir  IVbJJI    VI  i^oR  ALL  SERVICES. 


iMnraw 
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SECOND  EDITION.      Revised.     With  .AJJitional  I'latcs  and   Ilhistrations.     'JN. 

PETTIGREW'S    LOCOMOTIVE    ENGINEERING. 

A  Practical  Text-book  for  the  Use  of  Engine  Builders,  Desigrneps,  and  Draughtsmen,  Railway  Engineers 

and  Students. 
By    WILLIAM    FRANK    PKTTIC.REVV,    M.Ixst.C.E. 
With  a  Section  on  A.merican  and  Continental  Engines  by  ALBERT  F.  RAVEN  SHEAR.  B.Sc,  of  His  Majesty's  Patent  On  ice. 
•'  Likely  to  remain  for  many  years  THE  standard  work  for  those  wishing  to  learn  design." — Engineer. 

In  Iarj;e  8vo,  handsome-  cloth,   heautifully   Illustrated  with   Plates.   Diai^rams,  and   l-'ijjiires  in  the  Test,  ils. 

ROAD    MAKING    AND    MAINTENANCE: 

A    PRACTICAL    TREATISE    FOR    ENGINEERS,    SURVEYORS,    AND    OTHERS. 

With  an  Histohicai.  Ski;tcii  01   A.ncii;.nt  and  AIodekn  Pkaciici;. 

By    THOS.    AITKEX,    Assoc.M.Ixst.C.E. 

CONTENTS.— Historical  Sketch— Resistance  of  Traction— Laying  out  New  Roads— Earthworks.  Drainage,  and  Ret.iining  Walls-Road 
Materials  or  Metal-Quarrying-Stone  Breaking  and  Haulage-Road  Rolling  and  Scarifying-The  Construction  of  New.  and  the  Maintenance  01 
Existing;Roads— Carriage-ways  and  Footways. 

■'  The  literary  style  is  e.xcellent.     .    .    A  cohi'REhensive  and  excellent  Modern  Book,  an  up-to-date  work."— T/h'  .s'linO''- 

I   IQHT    RAILWAYS   AT  HOME   AND    AliROAU. 

^  By  WILLIAM  HKNKY  COLi:,  .M.Inst  CE..  late  Deputy 
.ManaKer,  Ndtih  Western  Nailu.i),  India.  1  arge  ,Svo.  handsome  cloth, 
I'l.ites  .ind  Illustrations.  1' s 

I    UBRICATION    AND    LUBRICANTS:     .\     Treatise 

on  the  Theory  and  IVactice  of  LubrK.ition.  and  on  the  Nature. 
Properties,  and  Testing  of  Luhrieants.  By  LEONARD  ARCHBUTT 
and  R.  MOl'NTFOKD  DI;EL1-:Y.  Large  8vo.  handsome  cloth,  with 
Illiistralions,  Tables,  \e..  Jls. 

VALVbS    AND    VALVE    QHARING  :    Incliidinji    the 

'  Corliss  Valve  and  Trip  (iears.  By  CHARLES  HCRST.  Practical 
Draughtsman.  Thibd  Edition.  Revised  and  Enlarged,  w  ith  numerous 
Illustrations.    Price  «s.  6d.  "«•♦"•» 


A   PRACTICAL    TREATISE    ON     BRIDGE    CON- 

STRUCTIO.N  :  Being  a  Text-book  on  the  Ccmstruclion  of 
Bridges  in  Iron  and  Steel,  for  the  Use  of  Students,  Draughts- 
men, and  Engineers.  l'.y  T.  CLAXTON  FIDLER,  M.lnst.C.E. 
Third  Edition,  ;.thoroughly  revised.  Royal  8vo.  With  numerous 
Illustrations  and  KJ  Lithographic,  Mates.  Handsome  cloth,  price 
aOs.  ■     - 

THE  :DESiaN  OF  STRUCTURES:  A  Practical 
Treatise  on  the  Building  of  Bridges.  Roofs.  i!ic.  By  S.  ANGI.IN, 
C.E.,  .Master  of  Engineering,  Royal  University  of  Ireland,  late  Whit- 
worth  Scholar,  &c.  Thikd  Edition,  Revised,  with  an  additional  Chapter 
on  Foundations.  Numerous  Diagrams.  Examples,  and  Tables.  Large 
8vo,  cloth,  16s. 


London:    CHARLES    GRIFFIN    &    CO..     Ltd.,     Exeter    Street,    Strand,     W.C. 
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aa!ta-  LUBRICANTS 

For   Machinery   of    Every   Description. 

NOTICE.— During    the    recent    trials  of  H.M.S.  "VIPER,"   when    her  Engines   developed   12,000  Indicated  Horse- 
a    0  power,  and  the  Admiralty  mean  speed   for  the  six  runs  showed  36"581    knots,  or  a  velocity  equivalent 

to  43   miles  an  hour,  our   Lubricating  Oil  was    used  with   most  satisfactory  results. 


BLUMANN  &  STERN,  Ltd.,  Se",  Deptford,  London, 


Telegrams:  "BLUMANN,  LONDON." 


Telephone  No.  : 


DEPTFORD. 


S  E. 


PATENT 

No.   8  BAR. 


MELLOWES  &  CO 

NO  PUTTY, 
44   p/^  I      ID^P"  NO  PAINTINCi, 

MAINTENANCE 
JVQQp  NECESSAKV.  ^: 

GLAZING 


SHEFFIELD  (Works). 
LONDON:  28,  Victoria  St., 

Westminster. 
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Designers  &   Constructors 
of  Railway  Carriages, 
Wagons,  Tram   Cars, 
Underframes   &  Ironwork 
of  every  Description, 


HE  An   OFFICES: 

Oldbury, 
Birmingham. 

Loud, in  Offices  : 

36,  Victoria  Street, 

Westminster. 
Telegrams : 

"Raii-car.  London." 
"  Carriage,  Oldbury. 


SIMPLEST    &    .    . 
MOST   DURABLE 


METALLIC  PACKING 


H'oi:'    all    ClzLsses    of    EIngixies. 


IVl£(.>ity    nD]nousa.ncls    in.    XJse« 


THE  UNITED  KINGDOM  SELF-ADJUSTING   ANTI-FRICTION       14.  Cook  St. 
METALLIC    PACKING    SYNDICATE,    LTD.  Liverpool. 


THf 


DRUM 


5> 


Section  or  "Drum"  rcMi'. 


PUMP. 

JOHNSON'S         PATENTS. 

U'riteJorCahiloilucd:,. 

POSITIVE     ACTION. 

NO    VALVES. 
HIGH     EFFICIENCY. 

DRUIVT 
ENGINEERING  CO., 

27.  Charles  St.. 

BRADFORD. 


TRIUMPH 
STOKER 

TRIUMPH  STOKER  L9 

39,  VICTORIA  ST.,  LONDON. 
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Magnolia  Metal 


Magnolia 
Metal  . . 


Best  Anti=Friction  Metal        <^- 


for  all  Machinery 
Bearings. 


rK  appear  on  each 
Box  and  Ingot. 


?^   Magnolia  Anti-Friction 
Metal  Company,  of 
Great  Britain,  Limited, 

[t         49.    QUEEN     VICTORIA    STREET. 

LONDON,    E.G. 

Telephone:  5925  BanK.  Telegrams:  "MAGNOLIER.   LONDON.' 


BERLIN   :     FRIEDRICH     STRASSE.  71.  PARIS  :     50.     RUE    TAITBOUT. 

LIEGE.     BELGIUM   :    36.    RUE    DE    LUNIVERSITE. 

GENOA,    VIA    SOTTORIPA  :     1.    PIANO    NOBILE. 
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Miscellaneous 


ESTABLISHED    1860. 


TEL    ADDRESS:    "LOCO.,    LEEDS." 


HUDSWELL,  CLARKE  &  Co., 

RAILWAY    FOUNDRY,    LEEDS.  LTD., 

LOCOMOTIVE    ENGINES, 

Of  all  sizes  and  any  .yaugf  of  I\'ail\v;!y,  of  greatly  improved  Construction,  for   Main  or   Branch   Railway.s,  Contractors, 
Iron\vori<s,  Collieries.     Prices,  Photo,ijraphs,  and  full  Specifications  on  ai^plication. 
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SOLE    MAKERS    OF    THE    '  RODGERS       PULLEYS    (Registered). 
Wrought    Iron   throughout.    Rim,  Arms,   and   Boss. 

ALSO    "ETCHELLS"'    NON-DRIP   BEARINGS,    SHAFTING,    AND   ACCESSORIES. 

E.  G.  Wrigley  6  Co.,  Ltd., 

Foundry  Lane  WorKs,   Soho,  BIRMINGHAM. 

Tilegraiti',  :  "Cutters,  Birmingham."  Tclvphoiu  No.  :    108  Smkthwick. 

MANUFACTURERS   OF 

Milling  Cutters     Reamers 
Gear  Cutters         Saws 

FOR  CUTTING  METAL. 


Roughing   Cutter. 


Worm    Hob 

WITH     Uni.lLVED    TEETH, 


RIGHT     HAND    CUTTER 

Relieved    Angular   Cutler, 
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FIRE   PROTECTION  OF  WORKSHOPS. 


J.    W.    G.    SIMONDS. 

The  author  has  confined  his  attention  to  such  apparatus  as  may  be  useful  to  managers  of  small 
works  who  wish  to  install  appliances  and  organise  a  system  which  will  enable  them  to  deal  at  a 
moment's  notice  with  an  outbreak  of  fire— a  system  not  involving  any  great  expense  either  in 
original  outlay  or  upkeep.  Mr.  Simonds  has  had  many  years'  experience  of  fire  brigade  work,  and 
in  a  future  article  will  describe  the  details  of  a  large  works'  brigade  where  many  permanent  firemen 
are  employed. — Ed.  


TX  the  last  few  years  the  necessity  for  fire  pro- 
tection  has  undoubtedly  been  brought  home 
to  us  by  the  increasing  rates  and  more  searching 
inspection  of  fire  insurance  companies,  if  not  by 
a  far  more  unpleasant  and  costly  reminder  in 
the  shape  of  a  fire,  destroying.  })erhaps,  valuable 
machinery  and  premises,  and  upsetting  that 
manufacturing  continuity  without  which  no 
business  undertaking  can  hope  to  succeed. 

WATER     SUPPLY. 

The  first  matter  for  consideration  is  the  water 
supply.  If,  as  in  so  many  towns  having  a  modern 
water  supply,  mains  of  suitable  size,  and  charged 
with  water  under  fair  pressure,  run  near  the 
premises,  then,  of  course,  one's  task  is  wonder- 
fuUv  simplified.  Connections  sliould  be  run 
into  the  works  and  carried  down  the  centres 
of  all  roadways  and  completely  around  all 
buildings,  care  being  taken  not  to  run  too  close 
to  shop  walls,  for  if  this  is  done  it  may  be  im- 
possible to  make  a  connection  in  case  of  fire 
in  that  shop. 

Mains,  if  carried  into  works  entirely  for  fire 
purposes  and  having  no  connections  taken  off  for 
domestic  or  trade  supi)l\'.  will  probably  be  rated 
by  the  water  comjjany  at  so  much  per  hydrant 
per  annum  ;  but  if  mains  have  to  serve  the 
double  purpose  of  fire  and  trade  sui)ply.  tiien 
they  will  j)robal)ly  be  metred  at  the  jMjint  of 
entrv.  I  have  worked  for  some  \'ears  witli 
fire  mains  the  water  in   which  is  nietred.  and. 


contrary  to  expectation,  have  never  had  any 
trouble  with  meters  jamming,  nor  do  I  think 
that  the  flow  is  crijipled  to  any  ai)preciable 
extent. 

Where  mains  are  metred  a  very  good  arrange- 
ment, if  the  water  company  can  be  made  to 
agree,  is  to  have  a  bye-pass  connection  round 
the  meter,  from  the  pipe  entering  the  meter  to 
the  pipe  leaving  same.  This  bye-pass  to  be 
controlled  by  a  locked  and  sealed  valve. 
In  case  of  fire,  metred  water  will  be  used 
unless  the  meter  is  jammed  or  the  uncrippled 
flow  from  a  direct  main  is  required,  in 
which  case  the  bye -pass  valve  may  be 
ojiened.  Such  an  agreement  has  been  entered 
into  with  water  companies  by  certain  factories, 
the  arrangement  being  that  for  every  time  the 
liye-pass  valve  is  ojiened.  a  certain  sum  is  paid 
to  the  water  company,  and  an  estimate  is  taken 
of  the  number  of  gallons  used,  and  this  is  paid 
for  per  gallon  over  and  aboN't"  the  settled  stun. 

PUMPING     ARRANGEMENTS. 

Where  no  mains,  or  only  mains  of  small  size 
or  ineflicient  i)ressure  are  available,  it  may  be 
necessary  to  have  recourse  to  pum|)S  either  as 
one's  only  supply  or  as  an  au\iliar\  to  water 
comi)any's  i)ressure. 

These  may  be  either  of  the  fixed  type,  pumping 
direct  into  mains,  or  portable,  in  the  shape  of  a 
land  steam  fire-engine  which  can  work  from  a 
hvdraiit  or  pond  or  any  other  source.     A  third 
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METHOD    OF    LEAVING    HOSE    FOR    USE    WITH    INSIDE    HYDRANTS. 


method,  which  can  only  be  emj)loyed  with  works 
having  a  river  or  canal  frontage,  is  to  have  a 
fire  float,  this  being  a  barge  or  tug  fitted  with 
powerful  jnimps. 

A  fixed  pum})ing  engine,  no  doubt,  offers 
efficient  means  of  keeping  a  good  sui)ply  of 
water  in  the  mains,  but  it  must  be  driven  by  a 
quick  steam-raising  boiler.*  and  have  someone 
at  hand  to  start  the  fires.  If  driven  from  a 
manufacturing  boiler,  it  must  be  kept  constantl\- 
under  steam,  and  it  must  be  remembcnMl  that 
engines  of  this  type,  when  required  to  deliver 
large  quantities  of  water,  require  a  large  eva})ora- 
tion  of  water  per  hour,  practice  having  proved 
that  an  engine  delivering  i,ooo  gallons  of  water 
per  minute  will  require  a  boiler  evaporating 
3,500  to  4,000  lb.  per  hour  ;  therefore,  manu- 
facturing boilers  will  have  to  be  very  large. 

The  second  and  third  alternatives  should, 
perhajjs,  rather  be  discussed  under  the  head  of 
appliances,  but,  as  they  are  only  necessary  when 

•  When  a  boiler  is  referred  to  as  a  quick  steam-raisini.; 
boiler,  tlie  usual  type  of  tire-engine  boiler  is  meant,  such 
as  will  raise  steam  to  100  lb.  per  square  inch  in  eijjht  to 
twelve  minutes  from  cold  water,  or  in  three  to  lour 
minutes  from  water  heated  by  a  gas  or  oil  burner  or  any 
svstcm  of  heater. 


mains  are  not  satisfactory,  it  may  be  as  well  to 
deal  with  them  here. 

The  disadvantage  of  a  land  steam  fire-engine 
is  that  if  your  engine  is  of  any  power  at 
all.  and  therefore  necessarily  somewhat 
weightv.  a  i^air  of  horses  must  always 
be  kept  in  readiness  to  move  it  about. 
The  boiler  should  alwa\s  be  kept  warm 
bv  gas  or  other  device,  and  on  receipt  of  a  call, 
the  fires,  which  must  always  be  kept  ready  laid. 
should  be  lighted. 

The  third  alternative  will  only  be  possible 
where  works  have  a  ri\er  frontage.  Under 
these  circumstances,  it  will  be  found  most 
useful,  an  unlimited  supi^lx'  of  water  being 
available,  and  the  iniiups  being  practically 
at  the  water  level,  there  is  no  great  suction  lift 
to  contend  with,  as  there  would  be  with  a  lam! 
steamer  working  trom  a  jettN'  with  a  ri\-er  at 
low  tide. 

11  your  lloat  be  sinipl\  [uimps  and  boikr. 
placed  upon  a  barge,  a  simple  means  of  pro- 
l)ulsion  is  to  couple  several  lines  of  hose  to  your 
pum})S,  i)lacing  the  branches  with  large-sized 
nozzles  (say  inch)  in  crutches  lixed  in  the  stern, 
then   if  votir   i>umps  be  started,  a  fair  rate  of 
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progress  may  be  attained,  up  to  four  or  live 
knots  in  still  water. 

A  more  elaborate  system  is,  of  course,  to  have 
a  self-propelled  boat,  say  a  steam-propelling 
engine,  driven  by  steam  from  the  pump  boiler, 
which,  being  quick  steam-raising,  will  (provided 
it  is  kept  warmed  to  about  boiling  point)  in  a 
very  few  minutes  have  sufficient  head  of  steam 
to  get  under  way.  Theoretically,  a  small 
electric  motor  and  accumulators  seem  almost 
ideal,  as  the  float  may  thus  be  got  under  way  at 
a  moment's  notice,  but  in  })ractice  the  accu- 
mulators are  found  to  give  endless  trouble. 

Before  closing  the  subject  of  water  supply, 
I  would  strongly  emphasise  the  absolute  futility 
of  putting  in  small  mains  for  fire  i)uri)oses. 
Nothing  less  than  a  4-in.  main  should  be 
tolerated,  and  if  it  is  at  all  conceivable  that  it 
may  at  any  time  be  required  to  extend  your 
mains,  it  should  be  at  least  6-in.  or  8-in.  My 
rule  has  been  4-in.  for  inside  hydrants,  6-in. 
and  8-in.  for  outside  work.  Apart  from  the 
fact  that    a   small    main — sav,   a  3-in. — is    not 


capable  of  suppKiiiL.'  iih'Ii  ihan  onr  really  good 
fire  stream  (2|-iii.  li.iS<-.  i-in.  nozzle),  it  must 
be  remembered  iii;ii  ivry  vear  the  area  is 
becoming  reduced  l>y  depositions  of  mud. 
aquatic  growth,  ;iii<l  .ixi.l.t  1  ion. 

OUTSlOe      HVORANTS. 

These  may  be  of  m;iiiy  forms,  such  as  plug 
hydrants,  ball  \:il\-s.  :iihl  the  many  forms  of 
valve  hydrants.  Ih.iIi  sin-lr  ;iik1  double. 

The  plug  hydr;iiii.  1  sii|>pose,  may  almost  be 
reckoned  as  a  thin^'  ..i  \\\<-  past,  and  those  who 
on  a  cold  wintei  r^  iiiglii  li;i\e  prodded  and  poked 
with  crowbar,  six'.ni.  imd  hook,  antl  have  at  the 
last  succeeded  hi  i<  Losing  the  j'lug  and  getting 
soaked  to  the  skin  will  ncit.  I  think.  Ik-  dispostd 
to  regret  its  disap|'t;ii;iii. «  . 

The  ball  vaKis.  iIi..iil;Ii  almost  as  oKl  as  the 
plug,  are  still  l;ir;j«l\  in  iisi-,  although  I  doulit 
if  many  are  benig  insi;ill.  d.  To  m\'  mind,  the 
l)est  hydrant  is  .1  s>i>  s\-<|()wn  stop  valve  j)it 
hydrant,  having  <  iiln  r  onr  or  two  outlets  (the 
outlets  having  eiili<r  ili.-  \"  ihreatl,  instantaneous 
coupling,  or  w1iai<'V<r  roiipljng  is  used  on   the 


Page's  Magazine. 


hose),  controlled  by  a  \-alve.  the  si)indle  of  which 
should  be  at  least  one  inch  square  in  section. 
Small  section  spindles  are  an  alioniination — a 
few  turns  with  a  kew  the  corners  wear,  the  key 
fails  to  grip,  and  your  hydrant  is  useless. 

Hydrants  are  of  one  or  two  forms — ground  or 
pit  hydrants  covered  with  a  plate,  or  standpost 
hydrants,  the  supply  pipe  of  which  runs  up  a 
post,  and  ends  in  a  hose  connection.  The  latter 
are  usually  controlled  by  a  wheel. 

The  standpost  hydrant  is  more  convenient  than 
the  pit  hydrant,  as  it  stands  up  clear  of  all 
obstructions,  and  there  is  no  time  lost  in  removing 
plates  and  attaching  a  standjjijie  as  there  is 
with  the  ])it  hydrant:  but  it  has  one  fatal 
objection,  it  is  more  exjjosed  to  the  attacks  of 
frost  than  the  ])it  hydrant.  It  also  takes  up 
more  room,  and  is  more  liable  to  damage  b\' 
travelling  cranes  engaged  in  moving  material. 

PROTECTION     OF     HYDRANTS     FROM     FROST. 

In  such  frosts  as  are  common  in  England. 
the  danger  of  underground  mains  freezing  is 
not  very  great,  but  at  the  h\drant  one  night's 
hard  frost  is  all  that  is  required  to  render  your 
hydrant  useless.  The  danger  lies  in  the  freezing 
of  the  water  left  standing  on  the  outer  or  con- 
nection side  of  the  valve,  and  if  this  j^art  of  the 
h\drant  is  ke])t  clear,  the  danger  is  almost  ml. 
This  is  done  by  some  makers  of  hvdrants  by 
an  automatic  relief  valve  which  opens  when 
the  hydrant  valve  is  closed,  and  allows  water 
to  escajx-  fnjm  the  outer  side  of  the  valve. 
closing  again  wlien  the  valve  is  opened.  An- 
other way  is  to  draw  the  water  awav  with  a 
syringe  at  the  weekly  hydrant  inspection. 

I  have  found  an  infallible  remedy  against 
frost  is  to  hll  all  ])it  hydrants  with  stable  litter 
at  the  beginning  of  winter  ;  the  standpost 
hydrants  may  also  In-  swatlied  in  ha\-  bands. 
In  my  own  experience  witli  Indrants  of  both 
classes  treated  as  al)o\-e.  I  haxc  never  known 
a  pit  hydrant  frozen,  hut  endless  trouble  is 
caused  every  wintei'  l)\- the  standpost  hydrants 
freezing. 

Hydrants  should  be  inspected  at  least  once 
every  week,  ins})ection  consisting  of  seeing  that 
no  material  covers  the  plates,  turning  on  the 
hydrant  imtil  water  commences  to  llow.  then 
syringing  water  iroin  the  vah'e,  and  seeing 
that  no  dirt  or  foreign  substance  is  lelt   ronnd 


the  connection.  Where  the  instantaneous  con- 
nection is  used,  which  depends  for  its  joint  upon 
an  india-rubber  washer,  attention  must  be  paid 
to  this  rulilx-r  washer  to  see  it  is  not  losing  its 
nature.  The  life  of  these  washers  largeU' 
de])ends  upon  water  not  being  allowed  to  stand 
in  the  connection. 

And  now  a  word  as  to  hvdrant  keys.  As 
before  mentioned,  when  discussing  turning 
spindles,  they  should  be  of  large  size.  All 
hydrant  keys  in  works  should  be  of  one  size, 
this,  if  possible,  to  l)e  determined  by  the  dimen- 
sions of  the  sjnndles  of  the  hydrants  in  use  by 
the  local  authorities.  All  other  keys  which  could 
possibly  be  tried  in  case  of  fire  should  be  re- 
moved, so  that  when  the  first  fire  does  occur 
one  may  be  saved  from  the  contnicmps  which 
occurred  at  a  large  shipyard  fire  in  the  North 
of  England.  The  hose  was  coupled  up.  but  no 
key  coukl  Ix  found  to  0])en  the  Inxlrant.  and  the 
hydrant  eventually  was  opened  with  one  of  an 
assorted  lot  of  keys  borrowed  from  some  neigh- 
bouring works.  As  a  consequence,  the  fire 
brigade,  on  their  arrival,  found  the  ])remises 
so  seriously  in\-oh-ed  that  they  concentrated 
their  eftorts  on  saving  the  adjoining  propert\'. 

INDICATION     OF     HYDRANTS. 

The  position  of  lu'drants  should  l:>e  clearh' 
indicated  l)y  a  tablet  fixed  to  a  wall  near  by. 
Enamelled  iron  I  find  most  satisfactory,  for, 
although  jjcrhaps  the  first  cost  mav  be  a  little 
more  than  a  ])ainted  signboard.  the\'  never 
require  re-painting,  an  occasional  wash  down 
with  a  wet  cloth  lieing  all  that  is  required  to 
keeji  them  clean. 

INSIDE     HYDRANTS. 

All  dangerous  shops,  such  as  j)attern  shops, 
saw  mills,  joiners'  sho])s,  and  stores,  should  be 
fitted  with  inside  Inxlrants.  and  as  these  h\-drants 
are  intended  to  be  used  h\  the  men  working 
in  the  shops,  they  should  be  so  simple  that  a 
})erson  without  any  previous  training  can  use 
them.  1  illustrate  one  of  these  hvdrants  to 
show  the  arrangement  that  I  have  found  most 
satisfactorw  Some  people  do  not  agree  with 
keeping  hose  coupled  up  to  the  h\"drant.  arguing 
that  the  water  dripping  from  an  im})erfect 
valve,  rots  the  hose.  This  may  be  granted,  but 
why  ha\'e  imperfect  valves  ?  With  the  weekly 
inspection    which    all    hydrants    must    receive, 
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leakage  can  easily  be  detected  and  attended  to, 
and,  on  the  other  hand,  much  valuable  time 
may  be  lost  in  coupling  up,  s])ecially  in  a  dark 
shop  and  by  a  man  who  in  the  time  of  emer- 
gency may  have  lost  his  presence  of  mind. 

Experiments  have  been  tried  with  hydrants 
arranged  as  illustrated  to  determine  the  possi- 
bility or  otherwise  of  one  man  getting  to  work, 
and  it  has  been  found  that  if  the  hydrant  be 
opened  without  even  removing  the  hose  from 
the  flaking  peg,  and  the  branch  taken  down 
from  the  carriers,  a  ^et  may  be  got  by  the  water 
finding  its  way  through  the  hose,  and  by  virtue 
of  the  pressure  laying  the  hose  in  such  a  way 
as  will  allow  a  clear  flow  through.  Of  course, 
two  men  are  really  required  to  get  the  best 
results,  one  man  taking  the  branch  as  near  the 
fire  as  possible  ;  the  other  opening  the  hydrant 
and  then  following  along  the  hose  to  remove 
kinks. 

KINDS    OF     HOSE. 

Hose  mav  be  divided  into  three  classes  : 
rubber-lined  canvas,  unlined  canvas,  and  leather. 

The  latter,  I  suppose,  has  almost  entirely  died 
out  for  fire  brigade  purposes.  Against  it  were 
its  weight,  cost,  and  necessity  for  constant 
attention,  and  the  care  it  required  in  laying  out 
to  bring  the  line  of  rivets  on  the  outside  curve. 

The  reason  for  lining  hose  with  rubber  is  to 
enable  it  to  stand  greater  pressure  than  unlined 
canvas,  and  also  to  reduce  the  loss  due  to 
surface  friction,  but  unless  the  rubber  lining  is 
fairly  thick,  so  thick  in  fact  as  will  prevent 
it  conforming  to  the  threads  of  the  canvas 
covering,  and  so  rendering  it  full  of  small  ridges, 
it  does  not  answer  this  latter  purpose.  Hose 
with  a  rubber  lining  thick  enough  to  present  a 
smooth  surface  to  the  water  when  under  jjressure, 
is  of  necessity  very  heavy,  and  for  a  works  fire 
brigade,  where  the  two  or  three  men  first  on 
the  spot  may  have  to  get  to  work,  weight  in 
hose  is  a  great  drawback. 

Unlined  hose  is  far  less  expensive,  quite  as 
durable,  hghter,  and  more  compact  than  lined 
hose,  and,  in  fact,  to  my  mind,  far  more  suitable 
for  a  works  brigade.  It  should  be  hand  woven, 
and  not  too  closely  woven,  because,  although 
a  loose  woven  hose  shows  a  slight  loss  due  to 
percolation  during  its  first  few  seconds  under 
pressure,  it  is  far  more  dural)le  than  a  closer 
woven  hose. 


TESTING     HOSE. 

Hose  when  supjilied  new  should  l)e  carefully 
examined  for  irregularities  in  weaving ;  it 
should  then  be  tested  under  pressure,  300  lb. 
j)er  inch  for  rubber-lined  hose  and  200  lb.  for 
unlined  canvas  being  a  very  fair  test  to  apply. 

A  test  that  I  have  always  used  for  new  hose 
is  to  put  it  under  a  normal  working  pressure, 
sav  100  11)..  and  then  have  it  lifted  by  two  men 
over  their  heads  and  thrown  down  upon  a 
smooth  surface,  such  as  an  asphalt  yard  ;  any 
hose  not  passing  this  test  should  be  returned 
to  the  makers  to  be  replaced,  having  failed  at 
test. 

The  above  are  tests  suggested  for  new  hose, 
but  every  length  of  fire  hose  should  be  tested, 
if  possible,  every  six  months,  and  at  least  every 
twelve  months  it  should  be  tested  to  the  highest 
working  pressure  it  is  likel\-  to  be  subjected  to. 

CARE     OF     HOSE. 

Hose  after  use  should  be  carefully  drained 
and  dried  :  it  should  be  stored  in  a  warm,  dry 
place,  as  the  least  damp  has  a  deteriorating 
effect  upon  it.  If  stored  in  hose-carts  or 
cui)boards,  the  covers  or  doors  should  be  allowed 
to  stand  open  occasionally  to  allow  air  to  cir- 
culate about  the  hose. 

REPAIRS     TO     HOSE. 

An\'  handy  man  can  repair  canvas  hose, 
j)referably  a  sailor,  or  man  who  is  used  to  using 
a  sail  needle.  Small  holes  should  be  stitched 
up  and  thoroughly  cleaned ;  the  following 
solution  should  then  be  applied  in  three  coats, 
the  previous  one  being  thoroughh-  dr\-  before 
the  next  is  added: — 

125  parts  gutta-percha  to  625  jxirts  of  lii- 
sulphide  of  carbon  (the  gutta-percha  to  be 
finely  cut  up).* 

After  all  three  coats  of  solution  are  dry. 
gradually  heat  the  solution  with  an  iron  ami 
ai)ijl\a  ])atchof  canvas  which  has  been  similarly 
treated  with  solution  and  also  heated. 

Where  a  large  rent  or  burst  has  to  be  ilealt 
with,  it  will  be  founil  better  to  cover  the  part 
with  a  collar  or  sleeve  of  canvas  hose  of  al)t»ut 
eight  to  ten  inches  long,  the  inside  of  which 
should  be  coated  with  solution,  the  same  to  be 

•  This  mi.xture  is  most  iiitlaininahlc.  and  must  be  kept 
from  tire. 
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]xit  on  the  length  of  hose  wheix'  the  sleeve  or 
band  comes  into  contact. 

A    PRECAUTION, 

All  hose  which,  owing  to  age  or  other  cause, 
has  become  unfit  for  fire  purpose  should  be  con- 
demned and  destroyed.  If  an  unserviceable 
length  be  allowed  to  remain  in  \'our  works  in 
the  sha])e  of  hose  it  will,  in  all  probability  be 
that  length  which  is  coupled  u})  at  your  first 
fire. 

CONNECTIONS. 

Of  the  manv  connections  on  thr  market,  lioth 
instantaneous  and  otherwise,  it  is  difficult  to 
speak  at  any  length  in  an  article  of  this  sort. 

The  connections  I  am  at  I'jresent  using  are 
the  ordinary  instantaneous  spring  ct)nnections, 
patented,  I  believe,  bv  Morris,  of  Manchester, 
now  made  bv  all  makers  ;  the\"  give  every 
satisfaction,  except  that  it  is  imjiossil^jle  to 
disconnect  them  when  under  ju'essure.  The 
rubber  washers  also  want  looking  to  occasion- 
allv. 

The  style  of  coupling  should,  ot  course,  be 
the  same  as  that  used  bv  the  local  authorities, 
so  that  one  is  not  allowed  much  latitude  in 
clioosing  C()U})lings. 

BRANCHES     AND     NOZZLES. 

The  branches  usually  lound  most  convenient 
are  made  of  copper,  about  24  inches  long.  Of 
course,  a  longer  branch  may  give  a  lietter  fire 
stream,  but  it  is  not  found  convenient  when 
wcjrking  inside  a  building.  Some  fire  l>rigades 
use  the  flexible  leather  branch  pipe,  about  six 
feet  long,  but  it  has  never  appeared  to  me  that 
any  better  fire  stream  is  obtained  by  the  use  of 
tliis  Ijranch. 

Nozzles  sliould  alwa\s  liave  a  hexagon  l)oss, 
the  round  boss  i)attern  lieing  most  difficult  to 
unscrew  from  thr  branch. 

S])are  nozzles  should  be  carried  m  :ill  appliances 
because,  although  «-in.  or  cn-ch  i-iii.  may  l)c 
!ound  most  satisfactory  witli  one  or  cxcn  two 
branches  at  work,  a  time  may  come  when,  with 
four  or  five  branches  a1  work,  a  ■,'-'"•  <"'  rvm 
A-in.  may  be  recjuired. 

When  installing  inside  hydrants,  attention 
should  l)e  ])aid  to  the  sizes  of  nozzK'S  on  tlie 
branches,  for  where  a  ^-in.  maybe  the  nozzle  for 
the  ground  floor,  a  ^-in.  may  l)e  recjuin'd  on  the 
top  storey. 


APPLIANCES. 

Works  in  which  a  land  steamer  is  used  will, 
of  course.  carr\'  much  of  the  hose  upon  the 
steamer,  but  for  use  from  hydrants  and  as  a 
reserve  to  your  steamer,  some  small  handy 
ajipliance  is  required  capable  of  being  drawn 
1)y  one  or  two  men.  After  trving  many  different 
sorts  of  hand  apjiliance,  including  large  and 
small  hose  reels  and  manv  of  the  difi'erent  forms 
of  hose  cart,  I  am  most  favourably  impressed 
with  the  Metropolitan  Fire  Brigade  pattern 
of  hose  cart.  This  cart  consists  of  a  light  box 
divided  into  two  com])artments,  each  fi.tted 
with  a  lid  secured  witli  a  hasp,  staple,  and  toggle. 
The  larger  comj)artment  on  the  near  side  is 
known  as  the  hose  l)Ox,  and  carries  about 
500  ft.  of  hose  (unlined).  The  smaller  com- 
partment on  the  off  side  is  known  as  the  gear 
box,  and  carries  requisite  gear  and  ap}:iliances. 
These  hose  carts  are  lightly  and  strongly  l)uilt 
and  mounted  on  springs  ;  they  are  undoubtedly 
far  ahead  of  hose  reels  in  their  lightness  of 
running,  handiness,  and  strength,  and  an  advan- 
tage they  possess  not  found  in  other  forms  of 
hose  cart  is  that  tlie  lids  keep  gear  and  hose 
clean  and  dry. 

The  following  is  a  useful  list  of  articles  to  be 

carried  in  a  hose  cart,  the  total  weight  of  a  hose 

cart  so  stowed  being  5  cwt.  : — 

///  Nos<  Box— 

500  It.  hose,  with  branch,  and  j-in.  nozzle. 

/;;  Gear  Box — 

1  spare  branch,  ;-in.  nozzle. 

I  swift  (smoke  driving  branch),  ^'-in.  nozzle. 

3  spare  nozzles,  i-in.,  ■|-in.,and  ;;,-in. 

I  hand  pump,  with  ho>e  and  nozzle. 

I  fellin.u  axe. 

3  lapping  leathers  and  lines. 

1  long  line,  60  ft. 

1  short  line,  40ft. 

2  lashing  lines,  10  ft. 

1  crowbar. 

3  sp.u'e  tire-alarm  glasses. 

3  buckets  (collapsible  canvas). 

2  standpipes,  carried  in  hooks  fore  and  aft  of  bo.x. 

1  hydrant  key,  hung  on  hooks  under  box. 

2  copper  lamps,  carried  on  head  "f  eart. 
2  brass  st.ilinn  numbers  on  head  oi  cart. 

The  hose  should  be  flaked  down  in  the  cart 
with  all  hose  coujiled,  with  the  branch  coupled 
up,  laid  on  top.  ]iointing  aft.  The  hand-jnimp 
mentioned  above  is  a  small  cojiper  force  pump, 
surrounded  by  an  air  space  which  acts  as  an 
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air  vessel,  and  keeps  the  jet.  wliich  may  be 
thrown  to  about  25  ft.,  constant.  Tliey  are  at 
times  most  useful  for  extinguishing  small  fires 
which  may  be  out  of  reach  of  a  bucket  and  yet 
not  sufficient  to  justify  the  o]icning  of  a  hydrant 
and  consequent  damage  bv  water. 

CORRIDOR     ENGINES, 

These  engines  are  an  enlarged  form  of  hand 
pump  fixed  in  a  tank  or  reservoir  mounted  on 
wheels.  They  are  kept  full  of  water,  and  can 
be  easily  run  about  and  worked  by  one  man. 
They  are  fitted  with  a  folding  handle,  which 
enables  two  men  to  carry  them  upstairs.  They 
hold  about  fourteen  gallons  of  water.  They 
can  be  strongly  recommended  for  the  protection 
of  offices,  as  they  are  quite  capable  of  dealing 
with  a  small  fire,  and  the  damage  from  water 
is  not  excessive. 

CHEMICAL     FIRE      ENGINES. 

A  chemical  fire  engine  consists  of  a  closed 
vessel  filled  with  water  in  which  is  dissolved  bi- 
carbonate of  soda.  In  this  vessel  is  susi)ended 
a  bottle  containing  sulphuric  acid,  which,  by 
means  of  a  piston  or  other  device,  can  be  broken 
when  required  for  use.  A  few  feet  of  hose  and 
nozzle  are  provided  controlled  by  a  stopcock. 
On  the  breaking  of  the  bottle,  the  following 
chem  cal  action  takes  place  : — 

2  Na  H  CO:,  +  Ho  SO4  =Naj  SO,  +2  CO.,+2  H,(). 
The  pressure  generated  in  the  vessel  drives 
the  water  out  with  considerable  force,  and  the 
water  being  impregnated  with  carlionic  acid 
gas,  is,  no  doubt,  slightly  more  effective  than 
plain  water. 

These  engines  can  be  recommended  for  stand- 
ing about  in  stores,  wood- working  shops,  offices, 
and  other  places  specially  liable  to  fire. 
a  convenient  size  being  about  six  to  seven 
gallons. 

FIRE     ALARMS. 

To  my  mind,  the  greatest  factor  in  fire  pro- 
tection and  the  ])oint  to  be  arrived  at  above  all 
others  is  to  make  certain  that  in  case  of  fire  a 
"call"  shall  be  sent  with  certainty  and  prompti- 
tude to  the  persons  whose  business  it  is  to  deal 
wdth  fires,  whether  it  be  your  own  private  fire 
brigade  or  the  brigade  of  the  local  authorities, 
and  how  often,  even  with  an  efficient  private 
fire  brigade,  this  point  is  lost  sight  of.  1  know 
of  some  works  whose  card  of  fire  instructions 


commenced  as  follows :  "  Any  person  discovering 
a  fire  will  at  once  inform  the  night  shift  manager." 
It  went  on  to  explain  other  matters,  such  as 
ringing  of  bells,  calling  of  firemen,  etc.  Un- 
fortunateh-.  the  first  fire  of  any  importance 
occurred  on  a  Sunday  night,  and  the  manager 
not  being  there,  no  one  was  informed,  or,  appar- 
entl\-,  not  for  an  hour  or  more. 

Most  works  of  any  size,  and  situated  in  (^r 
near  a  town,  will  l)e  connected  with  the  local 
telephone  service,  which  will,  in  its  turn,  jiro- 
bably  be  in  communication  with  the  town 
brigade.  Now  this  forms  in  itself  a  means  of  call, 
always  jiroN-ided  access  can  be  had  to  this  tele- 
phone night  or  day,  and  that  there  is  someone 
whose  duty  it  is  to  ring  up,  be  he  caretaker, 
watchman,  or  fireman.  A  convenient  arrange- 
ment would  be  to  have  fire  alarms  ringing  up  to 
the  same  room  as  your  telephone,  provided  you 
have  not  a  fire  station  where  a  regular  duty 
is  kept. 

As  to  pattern  of  fire  alarms.  I  have  little  to 
say.  Many  firms  supply  them,  or  they  are  very 
cheaply  installed  by  anyone  with  a  knowledge 
of  electric  bells  and  wiring.  One  word,  how- 
ever. Do  not  be  tempted  for  economy's  sake 
into  having  a  system  with  a  common  wire  ; 
each  alarm  point  must  have  a  separate  wire, 
or  endless  trouble  and  false  alarms  will  arise  ; 
one  point  out  of  order  and  the  whole  lot  are 
useless.  Such  a  system  may  be  cheap,  but  it  is 
not  to  be  recommended. 

Fire  alarm  boxes  should  be  made  as  con- 
spicuous as  i)ossible.  being  painted  red.  and 
their  jwsition  may  be  marked  at  night  b>-  a 
lamp  having  the  words  "  Fire  Alarm  "  marked 
upon  it  in  red. 

AUTOMATIC     SPRINKLERS. 

Although  I  haw  h.ul  no  experience  with 
automatic  sprinklers.  I  feel  that  an  article  of 
this  sort  would  not  be  complete  without  some 
mention  of  this  appliance. 

I  have  been  present  at  various  times  at  tests 
of  these  si)rinklers.  and  they  have  always  seemed 
to  i)erform  their  work  very  satisfactorily.  They 
are  undoubtedl\'  lull\'  cajKible  of  holding  a  fire 
in  check,  and  the  automatic  fire  alarm,  which 
is  a  si)ecial  and  most  useful  factor  in  tlie  system, 
calls  attention  to  a  fire  having  started.  Perhai)s 
the    most    eloquent    testimony    this    form    of 
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ajjpliance  can  have  is  the  large  rebate  aUowed 
by  lire  insurance  companies,  for  it  has  certainly 
not  been  mv  experience  that  fire  offices  allow- 
any  reductions  iniless  they  have  very  good 
grounds  for  so  doing. 

THE    STAFF. 

In  this  article  I  do  not  j)roi)ose  to  discuss 
arrangements  in  which  a  large  staff  of  i)ernianent 
firemen  is  kept,  but  it  must  be  quite  clear  from 
what  I  have  already'  saitl.  that  there  must  be 
someone  whose  dut\-  it  is  not  only  to  jxiss  on  a 
call  where  there  is  a  fire  alarm  system.  Init  to  l)e 
responsible  for  the  efficiency  of  the  fire  ex- 
tinguishing apparatus.  Such  efficiency  can  only 
be  secured  bv  regular  periodical  inspection,  and 
for  this  jiurpose  there  must  be  somecMie  who  can 
be  held  responsible.  His  regular  work  would  be  : 
Testing  fire  alarms  every  da\-  (twice  in  bad 
weather)  ;  testing  inside  Indrants  once  a  week  ; 
testing  outside  hvdrants  once  a  week  ;  testing 
hose  every  six  months.  And  over  and  above 
this  he  has  all  the  cleaning  and  ri'pairs  to  do. 
I  may  suggest  that  the  two  or  three  night 
watchmen  usualh'  found  in  most  works  might 
most  conveniently  be  turned  into  a  fire  brigade. 
Saw  for  instance,  there  are  three,  two  on  night 
shift  and  one  on  da\-  (taking  th.eir  turns  ot 
day  shift,  of  course)  ;  now  here  we  have  the 
very  numbers  required,  a  watch  kejit  at  night, 
and  one  man  for  the  da\-  routine  work  of  the 
brigade. 

]\Ien  acting  as  firemen  sluaild  alwa\-s  be  given 
a  neat  fireman's  uniform,  not  tlie  uniform  of 
some  volunteer  fire  brigades,  m  which  a  man 
always  aj)pears  to  be  a  l)ristling  mass  of  silver 
epaulettes  and  whistles,  but  the  jilain  blue 
uniform  as  worn  by  the  men  of  the  London  Fire 
Brigade  ;  a  man  in  unilorm  alwa\s  lias  more 
respect  for  himseli  and  lii>  work  il  raised  al)o\-e 
and  distinguished  from  the  (>rdinar\-  workman. 
And,  moreover,  a  tucman  should  alwa\s  be 
noticeable. 

Over  and  above  the  icw  pfrmaiicnt  lircmeii 
that  may  be  em])loyed,  there  should,  ot  course, 
also  be  an  auxiliary  brigade  of  men  drawn  from 
the  shops  and  drilled.  sa\'  once  a  week,  b\-  the 
])ermanent  men.  For  each  drill  they  attend  the\- 
should  be  i)aid  a  small  retaining  fee  ;  these 
men  should  be  com])elled  to  li\'e  near  the  works, 
and     on  some  prearranged  signal,  such  as  the 


blowing  of  a  liooter  or  ringing  of  a  bell,  must 
at  once  j^roceed  to  the  works'  fire  station. 

CAUSES. 

To  deal  with  causes  of  fires  at  any  length 
would,  I  am  afraid,  occupy  more  space  than 
will  be  allowed  me  in  this  article,  and  most, 
if  not  all.  of  them  can  be  obviated  by  the  exercise 
of  a  little  judgment  and  common  sense,  but 
there  is  one  cause  on  which  I  have  been  latelv 
making  experiments,  which  I  think  is  not  gene- 
ralh'  known,  and  which  must  l)e  common  in 
engineering  and  painters'  shops — that  is  the 
spontaneous  ignition  of  oil-impregnated  waste. 

It  must  be  borne  in  mind  that  oils 
such  as  rape,  linseed,  and  tallow  are  more 
dangerous  in  this  respect  than  the  various 
mineral  oils,  although  the  mineral  oils  will  burn 
more  fiercelv  when  once  ignited.  The  risk  ot 
fire  arising  from  the  spontaneous  ignition  ot 
oily  material  is  greater  the  more  readily  oxi- 
dizable  the  oil.  Mineral  oils  being  practically 
inca]iable  of  oxidization,  do  not  heat  at  all, 
consequentlv.  there  is  no  danger  from  them, 
and,  moreover,  when  mixed  with  fatty  oils  m 
sufficient  })ropcrtion.  they  prevent  the  risk  o! 
fire  arising  from  spontaneous  ignition  cf  the 
mixture. 

The  most  dangerous  oils  are  the  following  ;  — 

Linseed  (boiled  linseed  being  p.irticul.uiy  bad). 

Cottonseed. 

Olive  fatty  acids. 

Oieine. 

Mixtures  of  50  per  cent,  cottcn,  50  per  cent,  olive. 

Mixtures  of  25  per  cent,  cotton,  75  per  cent,  olive. 

A  method  cf  testing  is  as  follows  :  waste 
saturated  with  the  oil  to  be  tested  is  placed  in 
a  chamber,  the  air  of  which  is  kept  heated  to 
100'  C.  By  means  of  a  thermometer  held  in 
the  waste  the  temperature  ma\'  l)e  read  oft'. 

The  sate  oils,  such  as  jnire  olive,  will  not  be 
found  to  rise  nuich  above  100^  C,  but  the 
dangerous  oils,  such  as  cottonseed,  will  con- 
tinue to  heat,  and  may  rise  to  as  much  as 
250°  C,  at  which  point  the  thermometer  must 
be  withdrawn.  It  has  been  laid  down  that 
an\-  oil  wliich.  when  tested  in  this  way  reaches 
200"  C.  in  two  hours  may  be  regarded  as  ex- 
trenu'K-  dangerous,  and  special  precautions 
must  hv  taken  in  anv  shops  in  which  such  oils 
are  used. 


C  Hx'\RLES    ROUS-MARTEN. 

The  general  aspect  of  the  subject  was  dealt  with  in  the  June  issue,  the  author  showing  that 
British  locomotives,  in  spite  of  certain  pessimistic  utterances  inspired  by  rivals,  are  the  finest  in  the 
world,  proportionately  to  their  theoretical  power.  The  present  article  continues  the  survey  of 
locomotives   built  at   Glasijow   for    foreign    service. — Ed. 


II. 

/'CONTINUING  in  alphabetirai  order  my 
^^  review  of  the  great  British  locomotive 
builders  whose  works  are  situated  in  Glasgow, 
I  come  next  to  Messrs.  Neilson,  Reid  and  Co., 
Oi  the  Hyde  Park  \\'orks.  Few,  if  any,  of  our 
British  locomotive  builders  have  contributed 
m.ore  largely  to  the  supply  of  colonial  require- 
ments than  Messrs.  Neilson,  who  also  have  left 
a  permanent  mark  on  the  locomotive  history 
of  the  Mother  Country.  Like  tlieir  erstwhile 
rivals  and  present  partners,  Messrs.  Diibs  and 
Co.,  with  whose  work  I  have  already  dealt, 
Messrs.  Neilson  have  built  some  of  the  most  cele- 
brated express  engines  running  on  the  Midland 
Railway.  As  instances,  I  need  only  cite  the 
celebrated  "  Soo "  and  "  1502  "  classes,  of 
each  of  which  Messrs.  Neilson  supplied  thirty 
in  the  years  1S70  and  1880  respectively  ;  all 
of  them  have  given  good  accounts  of  themselves, 
and  are  still  in  regular  working. 

Abroad  the  products  of  the  same  firm  have 
also  been  well  in  evidence.  I  have  referred 
already  to  the  fine  express  engines  built  by  them 
a  few  years  ago  from  the  designs  cf  Mr.  J.  F. 
MTntosh  (Chief  Mechanical  Engineer  of  the 
Caledonian  Line)  for  the  State  Railways  of 
Belgium.  In  New  Zealand,  whose  somewhat 
curious  locomotive  history  I  outlined  in  m>- 
previous  article,  Messrs.  Neilson's  engines  luive 
always    been    prominent    in    res]iect    of    their 


excellent  work  and  of  their  economy  in  the 
matter  of  repairs.  When  the  3-ft.  6-in.  gauge 
was  adopted  as  the  standard  for  New  Zealand, 
replacing  the  5-ft.  3-in.  gauge  of  the  Canterbury 
Province  and  the  4-ft.  8i-in.  gauge  of  Southland, 
some  of  the  earliest  engines  constructed  to 
fulfil  the  new  recjuirements  were  obtained  from 
the  Hyde  Park  firm.  They  were  mostly  of 
small  dimensions,  the  '•  C  "  class  having  saddle 
tanks  with  2-lt.  (>in.  wheels  four-coupled,  and 
cylinders  9  J  in.  by  18  in.  ;  the  "  D  "  class  had  3-ft. 
wheels  four-coupled,  cylinders  9A  in.  by  18  in., 
and  leading  Bissel  bogie  ;  the  "  F  "  class  were 
larger  saddle  tanks,  having  six-coupled  wheels 
3  ft.  in  diameter,  cylinders  loi  in.  by  18  in. 
Subsequently  Messrs.  Neilson  supplied  a  batch 
of  far  larger  and  more  jiowerful  engines,  the 
biggest  indeed  seen  in  New  Zealand  for  some 
years.  They  were  tender  engines  of  the  "  Mog\il " 
type,  having  six-coujiled  3-ft.  b-in.  wheels, 
leading  pony  truck,  cylinders  14  in.  by  20  in., 
and  six-wheel  tenders.  These  last  were  often 
employed  u[)on  express  dut\'  as  that  was  untler- 
stood  in  the  colony  before  the  arrival  ol  the 
engines  esjiecially  built  for  the  service.  Hut, 
whate\er  the  type  of  engine  supplied  by  these 
builders  to  the  New  Zealand  Government 
Railways,  I  have  invariably  heard  them  spoken 
t)f  in  terms  of  the  liigliesl  j)raise  alike  for  their 
eflicit'ii'  \    :ind    their  economy— <^«u   ;iff(i    tin 
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FIG.    I.     (,Ari_.i_ ,  311.  .V,  IX. 
Exin.VE:   Diameter  of  Cylinder,  14.T  in.  :  Stroke,  2oiii.      Heating  Surf;ice,   in   Tubes,  662 

S(.|.  ft.  ;   Fireliox,  70  sq.  t'l. ;  total,  732  sq.ft.      Workini^  pressure,   150  lb.  per  sq.  in. 

Diameter  of  Wheels,  4  ft.  3iin.,  and  2  ft.  3A  in. 
Thndkr  :  Capacity  of  Tanks,  1,770  galls.      Fuel  space,  240  cub.  ft. 


American  engines  b.ad  won  ?nch  strong  ])opnlarit\- 
— and  personalK"  I  have  manv  notes  of  excellent 
performances  hv  them. 


160  lb.  for  every  j^onnd  of 
effective  steam.  It  is  fitted  with 
copper  firebox  and  brass  tubes, 
and  weighs  29  tons  17  cwt.  in 
w(jrking  order.  The  tender  has  a 
water  cajxicity  of  1.770  gallons  and 
fuel  space  of  240  cubic  feet.  It 
weighs  20  tons  3  cwt.  loaded. 
Thus  the  total  weight  of  engine 
and  tender  in  working  order  comes 
to  exactly-  50  tons.  The  engines 
of  this  type  have  l)een  suj^plied  to 
the  Perak  Government  railwavs  of 
the  Malay  Peninsula.  The  next 
engine  to  be  noticed,  although  also  constructed 
for    the  metre  gauge,    is  of  a  ver\-  much  larger 


ENGLISH     ENGINES     ON     ASIATIC 
AND     AFRICAN     RAILWAYS. 

During  tlie  past  year  a  numlier 
of  liandsome  and  excellent  loco 
motives  have  l)een  constructed  at 
the  Hyde  Park  Works  for  variou-^ 
Asiatic  and  Africaii  railways.  Six 
of  these  I  now  illustrate.  Fig.  i 
shows  a  very  tine  engine  of  the 
ten-wheeler  or  "4-b-o"  t\-]ie.  suit- 
able for  either  passenger  or  fast 
goods  work  on  the  metre  gauge.  Its 
six-coui)led  wheels  are  4  !t.  ]\  in. 
in  di:imt't:-r.  driven  1)\-  outside 
c\iiiiilers  i4i  in.  by  20  in.,  which 
are  su()pl!ed  with  steam  from  a 
boiler  possessing  a  total  heating 
7.52     square     feet     and     a     steam 


FIG. 

Diameter  of  Cylinder,   17!  in.  : 
Fitebox,   124    sq.ft.:   total, 
Diameter  of  Wheels,  5  ft.  7 
Fuel  sp.iee,  So  cub.  ft. 


surface    of 
pressure     ot 


and  uKjre 
wheel    4-6 


m 


1- 


^^-^#-4 


FIG.    2.       i;.VrGK,    3    FT.    3;*   IX. 
Em^ixk:   Diameter  of  Cyhader.   15  in.  ;    Stroke,   23  in.     Heating  Surface,   in  Tubes,  907 

sq.   It.;  Firebox,   i/r.s  :    total,   i,oc.r5    sq.  ft.      Working  pressure,   iSo   lb.  per  sq.  in. 

Diameter  of  Wlieels,  5  ft.,  and  2  ft.  4.',  in. 
Texdkr  :  Capacity  of  Tanks.  2,000  galls.      Fuel  space,  iSo  tuli.  ft. 


3.       GAUGE,    5   FT.    6  IX. 

litioke,  24  in.  Heating  Surface,  in  Tulies.  i.i^.S  -q.  ft.; 
l,2N2  sq.  ft.  Working  pressure,  160  lb.  p.  r  sq.  in. 
Un.,   and  3  ft.  7iii.     C.ip.icity  of  Tanks,   1,245  galls. 

j)Owerful  class.  It.  too.  is  of  the  ten- 
0  order.  I)ut  its  coupled  wheels  are 
5  it.  in  diameter,  its  c\iinders 
15  ill.  in  diameter,  with  a  22-in. 
piston  stroke  :  it  has  i.(jo3  S(|uare 
feet  of  heating  surface  and  a 
working  steam  i)ressure  of  180  lb. 
per  S(]uare  inch,  while  it  weighs 
ill  working  order  ^^zh  tons.  Like 
the  other  engine,  it  has  bras^ 
tubch  and  copper  tirebo.x.  Tlie 
six-wheel  tender  has  space  for 
iNo  cubic  k'vi  of  fuel,  while  the 
tanks  have  a  water  ca})acit\'  of 
2. oo( J  gallons.  The  tender  loaded 
weighs  22  tons  19  cwt.  The 
engine    and    tender    are  built    for 
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FIG.   4.      GAUGK,   3  Vr.  6  IX. 

E.VGIXE  :  Diameter  of  Cylinder,  iS.i  in.  :  Stroke,  24  in.  Heating  Surface,  in  Tubes, 
i,i84sq.  ft. :  Firebox,  131  sq.ft.;  total,  1,315  sq.ft.  Worl<in4  pressure,  180  lb. 
per  sq.  in.     Diameter  of  Wheels,  4  ft.,  and  2  ft.  4^  in. 

Tender  :  Capacity  of  Tanks,  2,855  gal's.    P  uel  space,  325  cub.  ft. 


IN    SOUTH    AFRICA. 

For  the  3-ti.  0-111.  gau{.;e  railways 
ot  South  Africa,  the  Hyde  Park 
Works  have  built  three  types  of 
locomotive  possessing  uite  ex- 
traordinary power  for  so  narrow  a 
gauge.  First  may  be  mentioned  a 
tender  engine  of  the  twelve-wheeler 
or  4-8-0  type,  which  has  eight 
4-tt.  whee's  coupled,  and  a  leading 
four-wheel  bogie.  The  cylinders, 
placed  outside,  are  i8i  in.  in 
diameter,  with  24-in.  piston 
stroke.       This  gives  these  engines 


the  railways  of  India,  and  are  shown 
in  fig.  2 

Another  Indian  engine  turned  out 
by  Messrs.  Neilson  is  for  the  5-ft.  6-in. 
gauge.  It  is  a  large  ten-wheel 
tank,  with  inside  cylinders  ijh  in.  by 
24  in.,  1,280  square  feet  of  heating 
surface,  steam  pressure  of  160  lb., 
four-coupled  driving  wheels  5  it.yh  in- 
in  diameter,  a  leading  four-wheel 
bogie,  and  a  single  pair  of  carrying 
wheels  in  the  rear.  The  weight  of 
this  fine  engine  loaded  is  e.xactlx" 
60  tons.  In  many  respects  it  bears 
considerable  resemblance  to  the  latest 
type  of  English  Great  Northern  tank 
engines,  as  will  be  seen  from  fig.  3. 


FIG.    6,      G.XL'Gli,   3   FT.   6  IN'. 


Dianutcr  of  Cylinder,  ly  in. 
Firebo.v,  I34'7i)  sq.  ft. 
Diameter  of  Wheels,  3 
Fuel  space,  160  cub.  it. 


FIG.  5.     c;.\r<;i:,  3  ft.  6  in. 

Diameter  of  Cylinder,  I5in.  ;  Stnike.  22  in.  Heatinf;  Surf.icc.  in  Tubes,  803  sq.ft.: 
Firebo.x,  70 sq.  ft.  ;  total,  S'73  sq.ft.  Workioj,' pressure,  175  Ib.pcrsqiii.  Diameter 
of  Wheels,  3  ft.  2  ir.,  and  2  ft.  1.]  in.    Capacity  of  Tanks,  1,000  HalS.     Fuel  sp.Hcc, 

90  cub.  ft. 


;  Stroke,  27in.  Heating  Surface,  inTubes,  1,35871  sq.  ft.  ; 
;  total,  i,493"5.  Workin.H  pressure,  175  lb.  per  sq,  in. 
ft.  9  in.,  and  2ft.  li  in.     Capacity  of  Tanks,  1.7JO  jjalls. 


a  lracli\e  Unxc  ol  171  lb.  for 
every  pound  of  effective  pressure  in 
the  cylinders,  while  the  adhesion 
weight  cannot  be  less  than  about 
40  tons,  so  that  the  engine  should 
|)ossess  huge  haulage  power.  It 
has  a  gigantic  headlight  to  illuiniiu- 
its  way  across  the  velilt.  Tlu- 
engines  of  this  class  have  gone  out 
to  the  railways  of  Cape  Colony, 
and  are  illustrated  by  tig.  4. 

Ne.vt  conies  a  very  large  tank 
engine,  also  for  the  3-ft.  b-in.  gauge  : 
tliis  type  is  for  the  Colon\'  ot  Natal, 
it  has  15-in.  c\1inders,  with  a 
22-in.  stroke,  six-coupled  wheels 
3  ft.  2  in.  in  diameter,  873  .'Square 
feet    of   heating   surface,    a   steam 
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FK;.    7.      EIGHT-WHEEL    liOGIE    EXPRESS    EXCIXE.      GAUGE,  :;  FT.   6  IX. 
Fur  the  Xortli-Western  Railw.TV  of  India.     The  cab  is  provided  witli  louvre-boarded  side  vlnittets,  owiui;  to  the  tropical  climate. 


pressure  of  175  11).  jit-r  square  inch,  and  a  total 
weight  of  43  tons  2  cwt.  In  this  case  both  the 
firebox  and  the  tubes  are  of  copper.  It  is 
illustrated  i)\'  fig.  5. 

A    TITANIC     ENGINE. 

Lastly  comes  another  tremendous  tank  engine, 
jirobaljly  one  of  the  biggest — if  not  tlic  l)iggest — 
ever  constructed  for  the  3-ft.  6-in.  gauge.  Of 
the  ten-coupled,  or  "  decaj)od,"  or  4-10-2  type, 
it  therefore  runs  upon  no  fewer  than  sixteen 
wheels,  and  has  the  enormous  weight  of  y^y  tons. 
The  ten-coupled  wheels  are  3  ft.  ()  in.  in  diameter; 
the  cylinders  are  of  \-ast  cubical  capacit\-, 
being  kj  in.  in  diameter,  with  a  stroke  of  27  in. 
The\'  take  steam  from  a  l)oiler  which  has  1.40^ 
square  feet  of  heating  surface,  and  works  with 
a  steam  pressure  of  175  lb.  ])er  square  inch. 
The  side  tanks  will  carry  1.720  gallons  of  water. 


and  the  coal  bunkers  can  receive  160  cubic 
feet  of  fuel.  From  the  dimensions  quoted,  it 
will  be  observed  that  the  tractive  jiower  of  this 
titanic  locomotive  is  something  c|uite  excep- 
tional, the  co-efftcient  of  traction  being  no  less 
than  216,  that  being  the  number  of  tractive 
jwunds  exercised  by  every  })ound  of  steam 
pressure  on  the  i)istons.  One  would  imagine 
that  engines  of  this  class  would  seldom  recjuire 
pilot  assistance,  even  on  the  steep  grades  of 
South  Africa. 

FURTHER    GLASGOW    ENTERPRISE. 

Third  in  al})habetical  order  among  the  great 
(ilasgow  firms  now  united  in  jirobablv  the 
greatest  locomotive  building  business  that  the 
world  has  ever  seen,  is  the  firm  of  Messrs.  Sharj). 
Stewart  and  Co..  of  the  Atlas  Works.  It 
involves  no  disrespect  to  their  partners  in  the 


IIG.    .S.      .\X()THER    TVI'IC    OF    EXGIXE    FOR    IXIJI.\,    OF    METRIC    (;.\U(;F 
The  superstructure  attached  to  the  tender  prcjvides  for  a  si^'cial  class  of  fuel. 
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FIG.   y.      ANolHEk    IXUIAN    TYPE,    INTENDED    KOK    MIXliD   TH.VH-IC    UN    THE    KUHILKUNA    LINE. 
With  extended  lirebox  and  a  special  sunshade  over  tlie  front  of  tender. 


new  "  combine  "  to  assert  that  the  firm  of 
"  Sharps  "  is  virtually  without  a  rival  in  the 
associated  importance  and  long  duration  of  its 
connection  with  railway  engineering.  Even  in 
the  earliest  days  of  British  railways — which  is 
tantamount  to  saying  the  earliest  days  of  rail- 
ways anywhere — the  name  of  "  Sharj:)  "  was 
prominent  among  the  builders  of  locomotives. 
In  those  early  days,  and,  indeed,  until  a  very 
recent  period,  the  firm  had  its  theatre  of  opera- 
tion in  Manchester,  the  works  bearing  the  same 
title  as  the  newer  ones  at  Glasgow,  namely. 
"  Atlas."  The  firm  itself  has  undergone  several 
titular  changes.  Originally  "  Sharp,  Roberts 
and  Co.."  it  subsequently  became  "  Sharp 
Brothers  and  Co.,"  finally  settling  down  into 
its  present  form,  "  Sharp,  Stewart  and  Co." 
Early  in  the  "  forties,"  Messrs.  Sharp  brought 
out  a  locomotive  type  which  came  into  wider 
adoption  as  a  standard  type  than  any  which 
has   since    been   built.     I    refer,    of   course,    to 


the  well-known  "  Little  Sharp  "  engine,  which 
had  inside  cylinders,  usually  15  in.  bv  20  in., 
single  driving  wheels,  usually  5  ft.  6  in.  in 
diameter,  with  a  leading  and  trailing  pair  of 
carrying  wheels  and  outside  bearings  to  all  the 
wheels.  A  few  had  smaller  dimensions  and  a 
few  larger,  but  those  just  given  were  the  most 
generally  in  use,  and  of  these  locomotives, 
Messrs.  Sharp,  Stewart  and  Co.  built  large 
numbers  for  nearly  every  important  railway 
in  the  kingdom,  including  the  Great  Western, 
London,  Brighton  and  South  Coast,  South- 
Eastern,  Great  Eastern.  Great  Northern,  London 
and  North-Western.  Midland,  and,  I  believe, 
several  others.  Although  small,  they  were  singu- 
larly handy,  and  I  have  often  known  them  used 
to  run  ex])resses  on  the  London  and  Brighton, 
South  Eastern,  Great  Northern,  and  Midland 
Railways.  Many  other  famous  engines  were 
produced  by  this  firm,  perhajjs  the  most  widely 
famous    beintr    the    "  Bloomer  "    class    on    the 


IIG.    10.      HEAVY    EIGHT-WHEELED   COL'PEED    BOGIE   GOODS   ENGINE,    WITH    DOL'HI.E    HOGIE    TENDER. 
1-or  the  Imperial  Railways  of  the  T-  ■■-->  m   n..i  ii,..  o,  ,,,...   i.-,v,-.  Colonics. 
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FK;.    II.      TEX-WHEELED   COUPLED   TANK    EXGIXE. 

For  the  Government  Railw:ivs  of  Brazil. 


London  and  Xorth-Western.  which  were  de- 
signed by  Mr.  McConnell.  and  had  7-tt.  driving 
wheels,  with  inside  cyHnders  16  in.  by  22  in., 
and — unhke  the  type  just  previously  mentioned 
— had  inside  bearings  instead  of  outside  to  all 
six  wheels.  Thev  also  had  exce}>tionall\-  large 
boiler  power  for  the  period  of  their  construction 
— the  early  "  fifties." 

In  more  modern  times  ^Messrs.  Shar}).  Stewart 
and  Co.  have  constructed  numerous  engines 
that  have  a  high  reputation  tor  excellence, 
among  which  I  may  instance  the  "2iC)o"  and 
"2430  "  classes  of  7-ft.  coupled  bogie  expresses 
for  the  Midland,  that  were  Iniilt  to  Mr.  Johnson's 


design,  and  also  later  still,  the  new  and  hand- 
some engines  of  the  "  730  "  class,  designed  by 
Mr.  Wainwright  for  the  heavy  express  work  of 
the  Chatham  and  South-Eastern  Railway. 

AN   EXPRESS  FOR  THE    INDIAN     MAIL    SERVICE. 

Like  both  their  partners  in  the  new 
"  combine,"  Messrs.  Sharp,  Stewart  and  Co. 
have  clone  their  full  share  in  providing  loco- 
motives for  abroad.  Among  the  latest  of 
these  is  a  fine,  eight-wheeled  bogie  express 
engine  for  the  mail  service  of  the  North- 
western Railway  of  India.  This  is  constructed 
on  tlie  5-ft.  b-in.  gauge,  and  has  four  6-ft.  i-in. 


FK;.    12.      FOl'RlKKX-Wn]:EL   TAXK    EXOIXE. 

For  the  Satpur;i  ImmhcIi  of  the  licngal-X.i.Upur  Rriihv.ny. 


British   Locomotives  for  Abroad. 


"> 


1  Uj.    l^.      lUUK-WllKlXEU   COL'^LllD    TANK    LNulNK 
For  the  C.ilka  and  Simla  Railway. 


wheels,  coupled  with  a  leading  tour-wheel 
bogie  ;  the  cylinders,  placed  inside  the  frames, 
are  iS  in.  in  diameter,  with  a  piston  stroke  of 
26  in.  This  is  shown  in  fig.  7.  and  it  will  be 
noticed  that  the  cab  is  supplied  with  louvre- 
boarded  side-shutters,  as  the  engine  is  to  work 
in  the  great  heat  of  a  tro})ical  climate.  The 
total  heating  surface  is  1.248  square  feet,  the 
steam  pressure  180  lb.  Another  ty}:)e  of 
engine,  also  intended  for  India,  but  for  the 
metre  gauge,  is  one  built  according  to  the  "  F  " 
classification  of  the  Madras  Railway,  but  has 
been  re-designed  with  frames  inside  the  wheels 
instead  of  outside.  It  runs  upon  3-ft.  6|-in. 
wheels,  all  being  coupled,  and  has  outside 
cylinders  14  in.  by  20  in.  The  tender  is  fitted 
with  a  light  sujier-structure  of  open  metalwork 
to  carry  a  special  class  of  fuel  (fig.  8). 

NEW    SPECIAL    CLASS. 

A  third  type  ot  ]ocomoti\e  latfi\-  Imilt  at  the 
Atlas  Works  is  intended  for  mi.xed  traffic  on 
another  Indian  line,  the  Rohilkuna.  which,  like 
the  one  just  mentioned,  is  also  on  the  metre 
gauge.  This  engine  is  of  a  new  special  class. 
It  belongs  to  the  type  styled  in  America  "  the 
ten-wheeler,"  or  4-6-0,  and  has  outside  cylinders, 
14I  in.  by  20  in.,  with  4-ft.  coupled  wheels,  and 
180  lb.   steam  pressure.       It   has  an  extended 


firebox,  solid  bogie  wheels,  and  a  special  sun- 
shade over  the  front  of  the  tender  (fig.  9).  A 
verv  heavv  eight-wheeled  coupled  bogie  goods 
engine,  with  double  bogie  tenrler,  to  run  on 
the  3-ft.  6-in.  gauge,  has  also  been  built  by 
Messrs.  Sharp,  Stewart  and  Co..  for  the 
Imperial  Railways  of  the  Transvaal  and  Orange 
River  Colonies.  It  is  a  very  imposing-looking 
engine  of  particularly  neat  design  of  the  so- 
called  "  i2-wheeler,"  or  4-8-0  type,  with  outside 
c\'linders.  i8i  in.  bv  24  in.,  4-ft.  coupled  wheels. 
1,215  square  feet  of  heating  surface,  180  lb. 
steam  pressure,  bar  framing,  extended  smoke 
box,  with  large  head  lamp  and  leading  cow- 
catcher, as  used  in  American  jiractice.  The 
pistons  have  tail  rods,  and  the  connecting  rod 
is  fluted,  of  I  section.  The  coui)ling  rods,  how- 
ever, are  plain  (fig.  10). 

A     GROUP     OF    TA.-^K     ENGINES. 

.\  Kioiip  I'l  laiik  ciiLiiiio,  all  iuil  one.  of  some- 
what uncommon  design,  may  next  be  noticed. 
The  excejjtion  is  an  eight-wheeler,  (our  wheels 
coujjled  with  leading  liogie,  for  tile  Santander 
and  Bilbao  Railway  of  Spain,  on  the  metre 
gauge.  It  has  outside  cylinders,  14  in.  I)\' 
join.  The  others  comprise:  (a)  A  ten- 
wheel  coupled  tank  engine,  with  six  wheels 
cou])lfd  and   leading  and  trailim;  radial  trucks. 
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I'll,.     14.       A     >MAI,L     l';X(,IXK     OK     2-11.     LAI  (,K. 
For  tlie  liowrali  Ki.^ht  Railway  of  India. 

outside  cylinders  14  in.  1;)V  26  in.,  for  the  f  iO\-ern-  {c)  A   tour-wheeled  coui)led  tank  engine  for  the 

ment  Railways  of  Brazil,  on   the  metre  gauge  Calka  and  Simla  Railwa\-  of  India,  also  on  the 

(fig.  II).     IJj)  A  fourteen-wheel  tank  engine  for  2-ft.  6-m.  gauge  (lig.  13).     {d)  A  ver\-  small  and 

the  Sat]iura  loranch  of  the  Bengal-Nagpur  Rail-  ]:>eculiar-looking  engine  for  the    Howrah    Light 

way  of  India,  which  is  on  the  2-ft.  6-in.  gauge.  Railway  of  India,  whose  gauge  is  as  narrow  as 

This  engine  has  eight  wheels  coupled,   with,   a  2  ft.  (fig.  14).     (f)  A  four-wheeled  coupled  tank 

radial    truck    in  front,  ami    four-wheeled  bogie  engine  for  the  Government  Railways  of  Ceylon — 

behind.     The     outside     cylinders     are     14^  in.  2-ft.  6-in.  gauge, 
in    diameter,   with   an    i8-in.    stroke    (hg.   12).  (To  be  coittimtcd.) 


lori^  \viii;i:Lia)  coui-led   taxk    EXcaxK. 

I'oi-  tlic  Govcniniciit  Railways  of  Ceylon, 


BflLDINc;    TllK    r.KIlM.I':    ACROSS    rHK    KlVKk    bllAlll-; 


THE  CHINESE   EASTERN   (MANCHURIAN) 

RAILWAY. 

BY 

alfrp:i)    stead. 

The  author  contributes  a  description  of  the  Manchurian  Railway,  based  upon  notes  personally 
made  during  a   tour  of    inspection.      The  article  is   illustrated   by  special  photographs   hitherto 

unpublished. — Ed. 


npHE  completion  of  the  Russian  railway 
-■-  through  Manchuria  is  the  finishing 
touch  to  Russia's  great  Trans-Siberian  line, 
Vvhich  joins  Russia  in  Europe  with  the  coasts  of 
the  Pacific.  Although  the  Chinese  Eastern 
Railway  Company  is  nominally  a  j^jrivate 
undertaking,  it  is  financed  by  the  Russian 
Government  through  the  Russo-Chincse  Bank. 
The  total  cost  of  the  whole  Manchurian  line, 
allowing  for  rails,  workshops,  rolling  stock, 
stations  and  working  capital,  is  308  millions  of 
roubles.  This  enormous  figure  does  not  include 
the  interest  u]-on  the  loans  raised  by  the  bank 
for  the  railway  company,  and  it  is  certain  that 
further  outlay  will  have  to  be  made  before  thi- 
line  is  absolutely  completed  and  in  working 
order. 

UNPROMISING     CONDITIONS. 

The  railway  has  been  built  almost  entirely 
by  Chinese  labour,  directed  by  Russian  engineers 
and  under-engineers.  The  majorit\'  of  these 
are  from  the  Russian  provinces  near  Poland  or 
Germany,  and  are  very  intelligent  men.  It 
will  easily  be  imagined  that  there  were  enormous 
difticulties  to  be  overcome.     There  was  nothing, 


save  the  stone  for  the  bridge  foundations  and 
the  earth  for  the  embankments  to  be  found  in 
the  country  itself.  To  a  great  e.xtent  even 
labour  had  to  be  brought  in  from  Xorthern 
China,  and  the  coolies  em])loyed  had  not  even  the 
most  rudimentary  ideas  of  engineering  work.  All 
this  notwithstanchng,  the  Russian  engineers 
have  succeeded  in  building  over  1. 000  miles  of 
line  in  about  two  years.  It  is  difficult  to  estimate 
exacth'  the  length  of  time  in  construction,  be- 
cause the  Ko.xer  outb.reak  of  Kjoo-oi  saw  the 
greater  portion  of  the  line  destroyed,  the  station 
buildings  burned,  and  the  locomotives  and 
trucks  literalh  torn  asunder. 

A     SYSTEM      OF     EMBANKMENTS. 

Ha\-ing  to  bruig  ail  then'  luait-iuil  into  the 
countr\',  the  engineers  constructed  first  a  tem- 
porary track,  following  closel\-  the  contour  of 
the  ground  and  j)assing  the  rivers  practicali>' 
on  the  river  bed.  Side  by  side  with  this  tem- 
porar\-  track  the  permanent  embankments  were 
constructed  and  the  l^ridge  works  undertaken. 
When  everything  was  ready  the  track  was 
transferred  to    the   leinianeiit    way,   aiu!   after 
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MWAFAXdO — AX    KAHLY   TYPE    OF    STATION. 

The  trees  in  the  background  screen  the  military  pust  whicli  is  part  of  every  station. 


a  time  ballasting  would  comi)lete  the  work. 
Labour  ]:)eing  comparatively  cheap  and  very 
unskilled  it  was  found  easier  to  build  eml)ank- 
ments  of  great  length  than  to  make  cuttings 
through  short  distances  of  rocks.  This  system 
of  embankments  was  also  necessitated  by  the 
fact  that  the  southern  and  central  ])arts  of 
Manchuria  are  very  thickly  intersected  by  rivers, 
and  these,  although  drv  in  summer,  became 
raging  floods  in  the  rainv  seasons.  The 
embankments  enable  the  railway  traffic  to 
continue  undisturbed,  although  as  much  as 
forty  miles  of  countr\-  mav  be  under  water,  and 
close  bv  the  train  the  flood  may  lap  the  embank- 
ment some  twenty  feet  deep.  A  striking  proof 
ol   the  superiorit\-  of  the  railway  over  the  rest 


of  the  countrv  in  this  respect  is  to  be  found  that 
in  Southern  Manchuria  the  track  has  become 
the  recognised  highway  from  north  to  south  by 
pedestrians,  who  find  the  roads  impassable 
because  of  mud. 

LABOUR     AT     TWOPENCE-HALFPENNY     A     DAY. 

The  land  for  the  railway  was  purchased  by 
the  Russians,  and  a  fair  price  was  paid  for  it. 
The  coolies  receive  as  much  as  fifty  or  sixty 
kopeks  a  day.  while  the  average  wage  is  forty 
kopeks.  As  most  of  the  labour  is  arranged 
for  through  Chinese  contractors,  it  is  probable 
that  the  workmen  receive  considerably  less 
than  this,  but  liefore  the  railway's  advent  they 
only  received  ten  kopeks  (2^1.)  a  day,  and  they 
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GEXEKAl.   VIKW    OF   TnE    762XI)   VKKST    FKOiM    HARBIN    ON    THE   SOLTHERX    MANCHUKIAX    KOL'TE. 


The  Chinese  Eastern  iManchuriam  Railway. 


GENERAL    VIEW    OK   THE    ASCENT   ON'    THE    77OTH    VERST. 


can  Still  li\'e  on  a  penny  a  clay.  The  railway 
company  has  installed  a  very  tine  system  of 
hospitals  and  doctors  for  the  workmen.  Thus 
they  have  very  little  to  complain  of,  being  in 
fact  much  better  off  than  formerly. 

COMMENCEMENT     OF     OPERATIONS. 

The  railwav  construction  was  commenced  in 
four  i:ilaces  at  once.  The  headquarters  of  the 
railway  were,  and  will  be.  at  Harbin,  on  the 
Sungari  River,  where  the  Russians  have  con- 
structed a  large  town.  At  Harbin  the  line 
coming  from  the  Siberian  line  divides  :  the  one 
section  running  east  to  Madivostock.  and  the 
other   south-west    to   Port    Arthur   and   Dalny. 


The  former  section  is  commonly  called  the  main 
line,  since  it  was  the  section  originally  arranged 
for.  luit  the  line  to  Dalny  is  the  real  main  line, 
l)eing  the  last  link  in  the  railway  chain  to  the 
Pacific.  To  Harbin  materials  were  brought 
by  steamer  from  the  end  of  the  Ussuri  Railway, 
on  the  Amur  River.  Work  was  also  begun  at 
Port  Arthur,  at  Nikolsk.  near  Vladivostock, 
and  at  the  main  Siberian  line  at  Kaidalovo. 
It  was  this  svstem  of  simultaneous  work  that 
made  it  possible  to  complete  the  line  so  rapidly. 
The  principal  workshops  are  in  Dalienwan,  in 
Harbin,  in  Hailar.  and  in  Inkou.nearXewchwang. 
These  are  fitted  with  American  machinery,  it 
having  proved  to  be  the  most  easy  to  obtain 
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rapidly.     In  these  workshops  Cliinese  artiticers 
are  to  be  seen  at  work  under  Russian  supervision. 

DETAILS     OF     THE     TRACK. 

The  rails  employed  lor  the  nuiin  lines  are 
partly  from  America,  partly  from  Russia,  and  run 
thirty-four  kilogrammes  to  the  metre.  This  is  a 
great  contrast  to  the  rails  on  the  Siberian  line, 
which  run  only  twenty-five  kilogrammes  to  the 
metre.  The  sleejiers  are  from  Korea,  America, 
and  Japan,  and  are  laid  very  closely.  The 
rails  are  spiked  down.  Init  are  very  hrm.  it 
being  no  uncommon  sight  in  time  of  liood  to 
see  a  wash-out  spanned  by  a  swinging  bridge 
of  rails  and  sleejiers,  holding  together  strongly 
enough  to  allow  of  really  heavy  weights 
passing    over. 

ROLLING     STOCK. 

During  the  construction  jieriod  all  the  locomo- 
tives on  the  southern  sections  were  of  the  heavy 
Baldwin  t\'])e,  weighing  some  ninetv  tons  with 
tender   :      on     the     northern    sections     French 


engines,  almost  as  heavy  were  used.  All  the 
express  engines  for  passenger  traffic  are  ordered 
in  France,  and  will  come  from  the  Russian 
frontier  under  their  own  steam.  The  passenger 
coaches  for  the  express  trains  are  constructed 
jiartly  in  France,  jiartly  in  Belgium,  and  are 
verv  expensiveh'  fitted. 

BRIDGE     BUILDING. 

A  great  feature  of  the  southern  section  is  the 
enormous  number  of  small  bridges,  there  being 
sometimes  three  or  four  to  the  mile.  These 
bridges  are  all  of  stone  or  of  steel  with  stone  piers, 
and  are  most  substantial.  The  steelwork  comes 
from  Russia  or  from  Belgium  for  tlie  most 
jiart.  and  is  brought  by  sea  to  Inkou.  where 
steamers  of  considerable  draught  can  berth 
alongside  the  railway  concession  in  the  Liao 
River.  There  is  a  dej^th  of  70  feet  right  up  to 
the  shore.  The  bar  at  the  mouth  of  the  river 
Liao,  however,  prevents  steamers  drawing  more 
than  iS  feet  from  passing  in  Inkou. 


AX    IXINUATIOX    IX    SOUTH    MANCfURIA. 
A  train  bcini;'  puslictl  aci'M-s  ,1  teinpcirary  line  by  hand,  ihe  loconiotivc  being  too 
heavv  fur  the  weakened  track. 


A   CL'TTIXO    U\    TlIK    QO^N'U    VKI-IST. 
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THE     COUNTRY     TRAVERSED. 

The  ^lanchurian  Railway  begins  at  Station 
Siberia,  at  the  end  of  the  Kaidolovo  branch,  of 
the  Trans-Baikal  Railway.  The  main  line  of  the 
Chinese  Eastern  Railway  turns  to  the  south-east 
and  passes  through  a  waterless  district.  Ten 
versts  north  of  Lake  Dalai  Xor  the  line  crosses 
the  river  Mutinpatop  (Turbid  Ri\-eri  at  flu- 
40th  verst.  Water  ht  for  drinking  is  found 
only  at  Kulvadghi.  into  which  tfows  a  small 
stream.  All  the  rain  which  falls  in  the  district  is 
swallowed  up  in  the  dry  ground,  which  is  broken 
up  into  small  ravines.  From  IMutinjuUoji  runs 
about  thntv  versts  through  plains  covered 
during  floods  by  the  River  Hailar  and  Lake 
Dalai  Nor.  At  a  distance  of  seventy-one  versts 
the  line  rises  on  to  a  sandy,  waterless  plateau, 
across  which  it  runs  as  far  as  the  River  Enim. 
crossing  it  at  the  iqyth  verst.  The  whole  of  the 
plateau  is  covered  with  coarse  grass,  and  in 
some  parts  the  loose  sand  is  drifted  by  the 
strong  winds  to  great  depths.  The  rainfall  is 
all  swallowed  up  in  the  thick  layer  of  sand. 
To  the  east  of  Hailar  the  line  toUows  the  valle\' 


of  the  river  of  that  name  and  its  tributaries, 
and  runs  through  cuttings  into  the  Hingaan 
range  of  mountains. 

At  the  sOjtli  to  370th  verst  the  line  crosses  the 
higher  eastern  range  of  the  Hingaan.  At  present 
the  line  is  carried  b\-  a  zigzag  over  the  top  of 
the  hill  until  the  tunnel  is  comi)leted.  This 
tunnel  will  be  i  335  sahzen  in  length  (a  sahzen 
is  just  seven  English  feet),  and  lies  at  a  height  of 
3.500  feet  above  the  level  of  the  sea.  In  these 
tunnel  works  great  difficulties  have  been 
encountered,  frequent  streams  of  water  having 
to  be  arranged  for. 

To  the  east  of  the  Hingaan  range  tlie  line 
enters  the  valley  of  the  river  Yal,  a  tributary 
of  the  Nonne  River,  and  follows  this  valley  for 
some  distance.  At  the  550th  verst  the  valle\- 
grows  narrower,  forming  a  rocky  ravine  for  a 
distance  of  seven  versts.  This  ravine  is  named 
Nui-tsi-shan.  On  issuing  from  it  the  line 
diverges  from  the  River  Yal  and  enters  the  basin 
of  the  River  Khur-Khur  :  at  the  631st  verst  it 
crosses  the  Nonne  River,  fifteen  versts  from 
Tsi-tsi-khar.     The  bridge  over  the  Nonne  River 


TEMl'OK.VKV   TRACK    Rl'NN'lXi,    ON'    KIVKK    I!K])    ALOXt  .SI  DK    THE    PKRMANI.NT    BRIDGE    PIERS. 
Half  the  spans  (four)  for  the  biid.m.-  may  be  seen  011  the  emb.inkmeiil  across  tlie  liver. 


The  Chinese  Eastern  (Manchurian)  Railway. 


WASH-OUT   OX   A   TEMPt)RARY   TRACK    NEAR    LIAO-YAX 

The  sleepers  holding  the  rails  together. 


is  one  of  the  three  great  bridges  on  the  line, 
tlie  Nonne  being  very  swift  and  deep.  In 
time  of  flood  the  whole  country  around  is 
inundated,  the  waters  spreading  over  forty 
or  fifty  miles  along  the  railway  embanknient  to 
the  south. 

To  the  east  of  the  Nonne  River  the  line 
first  crosses  a  marshy  plain  for  some  fifty  versts. 
and  then  for  the  remainder  of  its  course  to  the 
Sungari  River,  passes  through  the  level  and 
waterless  watershed  of  the  Nonne  and  Sungari 
Rivers.  It  is  projected  to  obtain  a  sufficient 
water  sui)pl\"  along  this  part  of  the  line  b\- 
wells. 

At  the  Sygth  verst  the  line  enters  a  valle\-. 
flooded  at  high  water  by  the  Sungari  River,  and 
traverses  it  for  some  sixteen  versts  along  high 
embankments.  The  Sungari  River  is  crossed  l)y 
a  single  bridge  opening  445  sahzen.  This 
bridge  is  the  largest  on  all  the  Siberian-Man- 
churian  line,  and  was  one  of  the  first  of  the  great 
bridges  to  be  completed.  This  bridge  lies  some 
distance  to  the  south  of  the  town  of  Hu-lan-chen. 

From  the  station  Sungari  the  line  runs  to  the 
town  of  Harbin.  To  the  east  of  this  town 
the   line   to    \'ladivostock   soon   enters   wooded 


country,     which      covers 
the   districts   right  up  to 

f-y—M^ —     "*  !       the  Ussuri  Province.   The 
^mIIL*  ■•    •■«<       country      gradually      be- 

comes rougher  and  more 
mountainous.  The  line 
follows  generally  a  south- 
easterly direction,  taking 
adx'antage  of  the  valleys 
of  small  rivers,  and  crosses 
the  hills,  leaving  Ninguta 
twenty  versts  to  the  south. 
It  was  found  necessary 
in  crossing  the  Tai-ma-go 
and  Pograni tchnaga 
ranges  to  construct  two 
tunnels  of  175  and  100 
sahzen  respectively.  This 
l^art  of  the  Vladivostock 
line  is  marked  by  great 
embankments  of  enor- 
mous height.  At  the 
1,413th  verst  the  line 
crosses  the  political 
frontier  of  the  Primorsk. 
and  joins  the  branch  line  from  the  Ussuri 
Railway  at  Nikolsk. 

The  Southern  Manchurian  section  starts  from 
the  station  Sungari  near  the  great  l^ridge  over  the 
river  of  that  name,  and  from  Harl)in  maintains 
for  its  whole  length  a  uniform  direction  to  the 
south-west.  As  far  as  the  second  crossing  of 
the  Sungari  River  the  line  runs  for  121  versts 
over  a  level  plain,  and  then  gradually  ascends 
to  the  watershed  l)etween  the  basins  of  the 
Sungari  and  Liao  Rivers.  The  line  passes 
somewhat  to  the  east  of  the  towns  of  Kuan- 
chentzi  and  Chantufa  and  west  ol  the  town  ot 
Tielin  on  the  Liao  River,  and  then  runs  to 
Mukden,  leaving  it  on  the  east,  and  further  on 
to  the  t(j\vns  of  Liao-yan  and  Hai-chen.  From 
Tielin  to  Hai-chen  the  line  follows  the  valley 
of  the  Liao  Ri\er,  crossing  on  small  bridge  a 
whole  series  of  tributaries. 

From  Hai-chen  the  line  enters  the  hilly 
district  of  the  Liaotong  peninsula.  Foreighlec-n 
versts  the  line  jjasses  through  the  Langetahe 
\'alle\-,  scarcely  linding  room  between  the  river 
anil  the  hills.  Most  extraordinary  preautions 
have  been  taken  to  protect  the  permanent  way 
from   the  action  of   th  •  river,   but   in  tiir  ■     ■■' 
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flood  the  valley  is  almost  impassable.  In  these 
southern  sections  are  to  be  found  solid  stone 
bridges  of  1.400  feet,  300  feet  and  smaller, 
while  steel  bridges  of  600  feet  and  smaller  are 
fairly  common.  At  Taschichou  a  branch  line 
runs  to  Inkou  and  connects  with  the  railway 
from  Xewchwang  to  Shanhaik\\-an  and  Peking. 
AtXan-Santilipu  the  branch  line  to  Port  Arthur 
continues  in  the  south-western  direction,  while 
the  main  line  turns  to  the  eastward  and  runs  to 
Dalny  on  the  shores  of  Dalienwan  (Talienwan) 
Bay.  Here  the  Russians  have  constructed  a 
great  city,  a  fitting  terminus  to  so  great  a  line. 

POPULATION. 

The  country  l\ing  along  the  line  from  the 
Siberian  Railway  to  Madivostock  is  very 
sparsely  populated,  with  the  exception  of  two 
narrow  belts  on  the  Nonne  and  Sungari  Rivers, 
each  about  1,000  versts  wide.  On  the  whole  length 
of  this  section  there  are  only  five  towns — Hailar. 
Tsi-tsi-kar,  Hu-lan-chen.  Harbin,  and  Xinguta. 
These   are   chiefl\'   administrative   centres,    and 


have  little  commercial  importance.  The  whole 
district  from  the  south  of  the  Sungari  River  is, 
however,  thickly  settled.  Xear  the  line  are 
situated  fourteen  towns  which  are  trading  and 
industrial  centres,  and  many  villages.  The 
whole  of  this  country  is  under  cultivation.  Only 
the  district  in  the  middle  of  the  Liaotong 
Peninsula  is  not  so  populous.  Xear  the  southern 
sections  of  the  line  are  coal  mines  worked  for  the 
railwav  under  an  English  engineer,  and  con- 
nected with  the  main  line  bv  railwav.  The 
total  length  of  the  Soutlicrn  Manchurian  line 
from  Harbin  to  Dalnw  with  branches,  is  992 
versts. 

The  line  is  well  laid,  and  the  solid  stone 
stations  give  an  air  of  stability  to  the  whole 
railway.  The  railway  guards  are  stationed 
every  fifteen  versts,  and  there  are  never  less 
than  twelve  men  in  a  post.  As  a  civilising  force 
the  railway  has  done  incalculable  work,  and 
when  the  through  service  of  trains  is  properly 
organised  it  should  be  easily  possible  to  travel 
from  Paris  to  Dalny  in  fourteen  to  fifteen  days. 


MKTHOI)    ok   COXSTRIXTIXG    THE    PKKMAXKNI-    IlKIDGES. 

The  spans  are  hauled  over  temporary  piers  of  sleepers  by  hand  into  pd^ition  on  the 

permanent  stone  foundations,  half  the  spans  being  placed  into  position 

from  either  bank  of  the  river. 


The  s.s.  '*  Grangesberg." 

This  vessel,  latel\-  built  on  the  \\'ear,  and  intentled 
for  the  shipment  of  iron  ore  from  the  Baltic  to  Rotter- 
dam, should  help  to  solve  an  important  problem. 
Instead  of  taking  a  week  or  a  fortnight  to  unload,  as 
is  the  case  in  ordinary  ships,  she  can  clear  her  cargo  in 
thirty  hours.  This  is  achieved  by  an  ingenious  ecjuip- 
ment  of  derricks  and  a  special  arrangement  of  the  hold. 
The  fourteen  masts  are  ranged  on  each  side  of  the  hatch- 
ways in  two  lines,  and  altogether  support  twenty-four 
derricks,  so  arranged  that  they  can  all  be  working 
together.  The  hold  is  divided  into  a  like  number  of 
compartments,  so  that  each  derrick  has  a  twenty-fourth 
part  of  the  ship  to  unload.  The  masts  can,  if  necessary, 
be  used  for  sails.  She  has  engines  of  2,200  h.p.,  her 
contract  speed  being  10  knots  an  hour.  The  dimensions 
of  the  Grangesberg  are  :  Length,  440  ft.  ;  beam, 
62  ft.  ;  depth,  29  ft.  She  was  built  to  the  order  of 
Messrs.  W.  H.  MuUer  and  Co.  of  Rotterdam,  by  Messrs. 
William  Doxford  and  Sons,  Ltd.,  of  Sunderland,  to 
whom  we  are  indebted  for  the  photograph. 


King  Edward  VIL  Bridge  at  Kew. 

The  new  bridge  at  Kew,  recently  opened  by  His 
Majesty  King  Edward,  not  only  makes  adequate 
provision  for  the  large  increase  of  traffic,  but  adds 
twenty  feet  to  the  navigable  waterway  of  the  river. 


1  (_•  the  engineers.  Sir  John  Wolfe  Barrv  and 
Mr.  C.  .\.  Brereton,  were  instructed  to  examine  and 
report  on  the  advisability  of  widening  and  otherwise 
improving  the  bridge  which  has  lately  been  removed. 
On  investigation,  however,  it  was  ascertained  that^the 
foundations  of  the  piers  were  not  in  a  satisfactory 
condition,  and,  that  it  would  be  impracticable  to 
attempt  to  improve  the  gradients.  They  therefore 
recommended  the  entire  reconstruction  of  the  bridge, 
either  in  stone  or  in  steel,  and  after  carefullv  con- 
sidering all  the  circumstances  of  the  case,  and  having 
regard  to  the  cost  of  maintenance,  the  Councils  decided 
to  adopt   the  former. 

The  new  bridge  consists  of  three  elliptical  arches, 
the  centre  one  being  133  ft.  span,  with  a  headway  of 
20  ft.  above  Trinity  high  water,  and  the  two  side  open- 
ings being  1 16  ft.  6  in.  span,  with  a  headway  of  17  ft. 

The  two  piers  are  each  iS  ft.  thick  at  the  level  of 
the  springing  of  the  arches,  increasing  to  38  ft.  at  the 
foundations,  which  are  carried  down  into  the  solid 
London  clay  at  a  depth  of  18  ft.  below  the  bed  of  the 
river.     The  navigable  waterway  of  the  river  is  3^)6  ft. 

The  width  of  the  carriage  way  over  the  bridge  and 
its  approaciies  is  36  ft.,  and  the  footways  on  eitlier 
side  are  9  ft.  6  in.  wide,  making  a  total  width  of  55  ft. 
between  the  parapets  and  57  ft.  9  in.  from  outside  to 
outside  of  the  bridge.  The  widtii  of  the  footways  on 
the  approaches  is  incp'--'    '■■    '■  "         I'"-   'Tudient 


A    XliW    IJKI'.AKTL'KK    IN    hill  111  St.  -  I  Ilk    S.h.    "  CKANtihi>»ihlUi 


Page's    Magazine. 


■ilLta  M 


KING    EDWARD    VII.    I'.RIDGE    AT    KEW. 


of  the  roadway  over  tlie  bridge  and  approaches  is 
1   in  40. 

The  foundations  of  the  piers  and  abutments  are 
laid  with  cement  concrete,  protected  by  whole  timber 
sheet  piling  tongued  and  grooved,  and  at  a  sufficient 
depth  to  be  out  of  the  reach  of  scour,  and  also  to  admit 
of  the  bed  of  the  river  being  hereafter  deepened  so  as 
to  give  a  navigable  depth  of  25  ft.  l;>elow  Trmity  high 
water  if  required. 

The  whole  of  the  arches  and  the  exterior  of  the  piers, 
abutments,  and  other  portions  of  the  bridge,  and  of 
the  retaining  walls  of  the  approaches  is  of  solid  granite, 
obtained  mainly  from  Cornwall  and  Aberdeen,  some  of 
the  larger  stones  weighing  as  much  as  eight  tons  each. 

A  temporary  bridge  was  commenced  in  Alarch,  iSgg, 
and  the  traffic  turned  over  it  in  October,  iSqq.  The 
removal    of    the    old    bridge    was    then    immediately 


commenced,  and  this  work  was  sufficiently  completed 
to  enable  the  cofferdam  for  the  piers  of  the  new  bridge 
to  be  begun  in  December,  i  S99. 

The  piers  and  abutments  were  then  proceeded  with, 
and  the  iron  centres  for  the  permanent  stone  arches 
were  put  in  position.  The  masonry  of  the  arches 
was  commenced  in  ^lav,  1902,  and  completed  December 
of  that  vear. 

The  engineers  of  the  bridge  were  Sir  John  Wolfe 
Barrv,  Iv.C.B.,  and  Mr.  Cuthbert  A.  Brereton, 
;\I.Inst.C.E.,  their  resident  engineers  being  ^Ir.  R.  W. 
Dana,  Assoc.  M.Inst.C.E.,  and  Mr.  \V.  G.  Wales, 
Assoc.  M.Inst.C.E. 

The  contractors  were  Messrs.  Easton  ('.il)b  and  Son, 
of  London,  who  have  successfully  carried  out  the  work. 

The  accompanvmg  photos  are  reproduced  by  the 
courtesv  of  Sir  John  Wolfe  Barry  and  partners. 


AN    EARLY    STAGE    OR    THE    WORK 


Till-;  xi:\v  Rissiw  imrLKsiiii'  "cksaukvitcii." 

Displacement,  13,110  tons.     16,300  I. II. I*.    Speed,  18  knots.     Lcnj^th,  389  ft. 

Armour  Protection  :  The  Cesarcvilch  has  a  complete  lielt,  varying  in  thickness  from   lO'6  in.     The 

barbettes,  which  are  hooded,  are  protected  by  11  in.  and  the  secondary  turrets  by  (>  in.  arn"oiir. 

Principal  .Armament  :  lAjur  \2  in.,  twelve  6  in.,  and  nearly  fifty  smaller  guns. 
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Notes   and    News. 


THK    WOULLISCKUKT    PATENT    ENXLOSED 
STARTING    SWITCH. 


3j; 

sparkiiifj)  when  (ipcnitcd  by  the 
lutomatic  relcnses. 

As  (here  is  no  sparkin;^  or 
danger  of  burning  out,  the 
switcli  is  well  aciapted  for 
i^aseous  or  indauimable  dust- 
laden  places.  Tlirough  being 
enclosed  the  evaporation  is  very 
--light,  and  only  requires  slight 
addition  of  water  at  long  in- 
tervals. These  switches  are 
suitable  for  operating  reversing 
motors,  and  also  for  polyphase 
work.  It  is  also  claimed  for 
them  that  they  require  prac- 
tically no  attention,  and  can  be 
easily  moved  without  spilling  or 
loss  of  liquid.  In  the  following 
diagram  of  connections  the 
switch  is  shown  with  circuit 
open  and  ready  for  starting  a 
shunt  motor.  In  stopping  the 
motor,  switch  puts  in  all  resist- 
ance before  opening  circuit. 


New  Safety  Enclosed  Liquid  Starting 
Resistance  and  Switch. 

Mr,    J.    H.    Woolliscroft,   Chief    Assistant     Electrical 
Engineer   of    the   Sandycroft   Foundry  Company,   Ltd., 
Chester,   has    devised   a    novel    motor   starting  switch, 
consisting  of  a  watertight  cast-iron  drum  partially  filled 
with    a    solution  of   soda    and    water,    and    fitted    with 
external    contacts    and    terminals    and    internal 
electrodes.     The  drum    is  carried  on   insulating         » 
bearings,  and  has  a  screwed  plug,  which  covers        ^ 
the  aperture   used   for    the   introduction   of  the 
liquid,  and  also  acts  as  a  relief  valve  for  the  gas  generated 
in  electrolysis.     Its  action  will  be  understood  from   the 
accompanying  diagram  of  connections.      The  chief  ad- 
vantages  claimed  for  the  new  switch  are  simplicity  of 
construction,  absolute  reliability  of  action  and  freedom 
from  spaiking. 

The  company  urge  that  liquid  resistances  are  better 
than  metallic  ones  for  the  gradual  starting  up  of  con- 
tinuous and  alternating  current  motors,  and  have  only 
fallen  into  disuse  through  troubles  wliich  were  th(jught 
to  be  insurmountable.  Great  trouble  has  been  ex- 
perienced in  the  past  with  liquid  resistances  of  the 
open  type,  owing  to  the  accumulation  of  dust,  creeping 
of  liquid,  etc.  ;  in  the  new  switch  this  is  impossible. 

It  can  be  fitted  with  maximum  and  minimum  releases. 
The  maximum  is  enclosed  in  one  of  the  cast-iron  standards, 
and  in  the  event  of  an  excessive  current  passing  during 
the  act  of  switching  on  or  whilst  running,  short  circuits 
the  minimum  c<jil,  and  allows  the  drum  to  return  t<>  the 
off  position. 

Switching  on  the  armature  before  the  field  of  motor  is 
excited  is  impossible.  The  contact  being  of  a  sliding 
nature  there  is  no  tendency  to  prevent  the  switch 
readily  returning  to  the  off  position  (as  experienced  with 
multiple  contact  switches  due  to  nnighened  surface  by 


A  -Lever  rotating  on  axis  held  by  clip  when  in  vertical 
position. 

li  Cast-iron  case  containing  liquid,  on  insulated 
bearings,  and  free  to  rol.ite  »>o  when  picked  up 
by  retaining  coil  in  series  with  the  field. 

C— Sliding  contact  fixed  to  internal  blade,  it  rotates 
with  H,  but  is  insulated  from  it. 

1)— Maximum  release  protected  inside  cast-iron  bear- 
ing pedestal. 

E  — .Minimum  release. 

1" — Level  of  liquid. 

t; — Ketaining  coil  arnjature  fixed  to  case. 

H  — Short  circuit  contact  fixed  to  U. 
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Iron  and  Steel  Institute. 

The  autumn  meeting  of  the  Iron  and  Steel 
Institute,  will  be  held  at  Barrow-in-Furness 
from  Tuesday,  September  ist  to  Friday, 
September  4th.  The  programme  will  in- 
clude visits  to  the  shipbuilding  yards  of 
Messrs.  Vickers,  Sons  and  Maxim,  Ltd., 
the  works  of  the  Barrow  Hematite  Steel 
Company,  Ltd,  the  British  Chilled  Iron 
and  Steel  Company,  the  Furness  Railway 
Company,  and  the  Millom  and  Askam  Iron 
Companj' ;  also  to  the  iron  ore  mines  at 
Hodbarrow,  and  Messrs.  Kennedy  Bros.' 
mines.  Excursions  will  be  arranged  to  the 
Lake  District  and  to  Blackpool. 


French  Engineers  in  England. 


MR.    J.    HICHAM  S   XEW    WET   SAMPLER. 

It  is  claimed  that  by  this  appliance  the  problem  of  automatic  wet 

sampling  has  been  satisfactorily  solved.     A  full  description  by  our 

Johannesburg  correspondent  will  be  found  at  page  57. 


A  large  party  of  French  engineers,  members 
of  the  Association  des  Ingenieurs  des  Fonts  et 
Chaussees  et  des  Mines,  and  all  connected 
with  either  railways  or  public  works  in  France, 
came  over  to  this  country  in  the  early  part  of 
June  for  the  purpose  of  inspecting  various  large 
undertakings  of  interest  to  them.  They  visited 
the  Surrey  Docks,  were  shown  over  the  Tower  Bridge, 
where  the  various  engineering  details  were  fully  ex- 
plained to  them,  and,  subsequently,  under  the  guidance 
of  Mr.  C.  L.  Morgan,  chief  engineer  of  the  London, 
Brighton,  and  South  Coast  Railway  Company,  they 
inspected  the  extensions  which  that  company  are 
carrying  out  with  a  view  to  improving  the  approaches 
and  increasing  the  accommodation  at  Victoria  Station. 
The  visitors  also  inspected  the  works  of  the  Baker 
Street  and  Waterloo  and  the  Great  Northern,  Piccadilly, 
and  Brompton  Railways,  now  in  course  of  construction. 
Some  of  them  descended  at  the  Thames  Embankment 
shaft  of  the  Baker  Street  and  Waterloo  line  in  order  to 
proceed  by  means  of  an  electric  engine  and  trolleys  to 
Oxford  Street,  the  laying  of  the  tube  for  the  new  line 
having  now  been  completed  except  for  a  distance  of 
about  half  a  mile.  The  remainder  of  the  party,  after  a 
passing  glance  at  the  surface  works  in  Trafalgar  Square, 
drove  to  Oxford  Street,  where  they  descended  the  shaft 
at  that  point,  and,  joining  the  first  section,  saw  the 
process  of  tunnelling  as  carried  out  with  the  help  of  the 
Greathead  shield.  From  Oxford  Street  the  visitors  drove 
to  the  site  of  the  future  station  of  the  Great  Northern, 
Piccadilly,  and  Brompton  Railway,  in  Sloane  Street. 
There  another  descent  was  made,  and  the  party,  after 
walking  about  half  a  mile  through  the  tube,  as  already 
constructed,  reached  the  present  terminus  of  the 
tunnelling,  where  a  rotary  excavator  was  seen  in 
operation.  The  party  next  drove  to  Shepherd's 
Bush,  to  inspect  the  generating  station  of 
the  Central  London  Railway.  On  the  loth  inst. 
the  visitors  proceeded  to  Liverpool  to  see  the 
Docks,  the  Overhead  Railway,  and  the  Manchester 
Ship  Canal. 


The  Junior  Institution  of  Engineers. 

This  society,  continuing  us  useful  programme  of 
visits  to  works,  arranged  for  an  inspection  on  the 
24th  ult.  of  Messrs.  Spiers  and  Pond's  Model  Laundries, 
Art  Dyeing  and  Chemical  Cleaning  and  Steam-Carpet 
Beating  departments  at  Battersea.  On  the  29th  ult. 
a  visit  was  paid  to  Messrs.  John  Bennett,  Lawes 
and  Co.'s  Atlas  Works  at  Millwall. 


The  Institution  of  Electrical  Engineers. 

The  Council,  has  awarded  the  loUdwinii  i>reiniums 
for  papers  and  communications  : — The  Institution 
Premium,  value  £2^,  to  Dr.  J.  A.  Fleming,  F.R.S., 
for  his  paper  entitled  "  Photometry  of  Electric  Lamps"  ; 
the  Paris  Electrical  Exhibition  Premium,  value  £10, 
to  Mr.  M.  B.  Field,  for  his  paper  entitled  "  A  Stutly 
of  the  Phenomenon  of  Resonance  in  Electric  Circuits 
by  the  Aid  of  Oscillograms  "  ;  two  Extra  Premiums, 
value  i\o  each,  one  to  Messrs.  A.  D.  Constable  and 
E.  Fawssett  jointly,  for  their  paper  entitled  "  Distri- 
bution Losses  in  Electric  Supply  Systems  "  ;  and  the 
other  to  Dr.  W.  M.  Thornton,  for  his  paper  entitled 
"  Experiments  on  Synchronous  Converters "  ;  an 
Original  Communication  Premium,  value  £\0,  to 
Messrs.  A.  Russell  and  C.  C.  Paterson,  for  their  com- 
munication entitled  "  Sparking  in  Switches."  The 
Council  has  awarded  Salomons  Scholarships,  value  ^50 
each,  to  Mr.  G.  B.  Dyke,  of  University  College,  London  ; 
and  to  Mr.  H.  W.  Kefford,  of  the  Central  Technical 
College.  The  award  of  the  David  Hughes  Scholarship, 
value  (50,  has  this  year  been  made  to  Mr.  W.  H.  Wilson, 
of  King's  College,  London. 

Business  and  Professional. 
Mr.  William  C.  Grant,  who  is  well  known  in  London 
as  an  expert  on  all  matters  appertaining  to  otlice 
organisation,  has  accepted  the  position  of  Manager  of 
the  Card  Index  Department  of  the  Trading  and  Manu- 
facturing Company,  Ltd.,  .specialists  in  olTice  equip- 
ments, etc.,  of  Temple  Bar  House,  Fleet  Street,  E.G. 
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Bath  Electric  Tramways. 

Satisfactory  progress  is  being  made  with  the  Bath 
Electric  Tramway  Scheme. 

The  generating  station  etjuipment  is  to  consist  of 
three  20o-kilowatt  Westinghouse  compound  wound 
generators,  direct  connectetl  to  ^"ates  and  Thom 
liorizontal,  tandem,  compound  engines,  running  at  a 
s])eed  of  lOO  revolutions  per  minute,  antl  one  75-kilowatt 
compound  wound,  Westinghouse  generator,  direct 
connected  to  a  Westinghouse  compound  steam  engine 
to  operate  at  a  speed  of  _;a()  revolutions  per  minute. 
Two  15-kilowatt  negative  boosters  are  to  be  supplied, 
with  a  i2-panel  switchlioard,  of  the  Westinghouse 
tramway  type. 

The  boiler  house  is  to  be  etiuijiped  with  three 
io,OOolb.  Babcock  aiifl  Wilcox  straight  tube,  water-tube 
boilers,  and  a  Clav  Cross  economiser  ;  surface  con- 
densers are  to  be  used,  and  also  a  complete  equipment 
of  water  softening  and  grease  separating  a]iparatus. 

The  car  shed  is  to  ha\e  a  capacity  for  f<irt\-  dcjuble 
deck,  56-passenger  cars.  On  the  second  tloor  and 
across  the  front  of  the  car  shed  are  to  be  located  the 
offices  of  the  company. 

The  rolling  stock  is  to  consist  of  forty  cars,  the 
bodies  and  trucks  l;eing  of  the  Milnes  make,  and  the 
etjuipments  the  Westinghouse  No.  4gB,g().  ]Most  of 
the  cars  will  ha\-e  the  Westinghouse  jNIagnetic  brake. 


The  Engineering  Conference. 

The  Engineering  Conference,  organised  by  the  Insti- 
tution of  Civil  Engineers,  was  preceded  on  tlie  Kith  ult., 
by  the  delivery  of  the  "  James  Forrest  "  lecture  by 
Mr.  W.  H.  Maw,  wdio  indicated  some  of  the  directions 
in  which  the  further  aid  of  tlie  ]ih\sicist  is 
more  immediately  recpiired  by  the  engineer.  Con- 
sideration was  first  given  to  the  economical  generation 
and  distribution  of  power.  The  lecturer  remarked 
that  water  power  being  limited  in  this  countrv, 
we  are  practically  dependent  on  some  form  of 
heat-engine.  It,  therefore,  behoves  us  t<j  secure  in 
such  engines  the  highest  ]>ossible  degree  of  economy. 
"  Highest  econom\-  "  to  the  physicist  will  mean  the 
most  complete  utilisation  of  heat  supplied  to  the  engine  ; 
to  the  user  it  means  the  highest  return  fm  money 
expended.  It  is  the  duty  of  the  engineer  to  secure  the 
latter  result,  which,  in  some  cases,  may  be  secured  by 
avoiding  reiinements  rather  than  by  adopting  them. 
But,  in  order  to  judge,  the  engineer  must  possess 
accurate  knowledge  as  to  the  heat  economies  which 
it  is  possible  to  secure  by  tlie  adoption  of  certain  special 
systems  and  the  cost  of  carrying  them  out  in 
practice.  It  is  on]\-  when  heat  "  economv  values  " 
are  accurately  kiidwn  that  their  commercial  economy 
can  be  properly  estimated. 

Not  many  years  ago  the  only  heat  engines  111  use  nii 
a  large  scale  were  steam  engines.  Ncnv  an  important 
share  of  w^ork  is  done  l)y  internal  combustion  engines, 
and  each  year  this  share  is  becoming  greater,  althougli 
the  steam  engine  still  enormoush'  oulnuinbi'rs  all  otlier 
])rime  movers.  During  the  ])ast  ten  nr  lilteeii  vears 
the  average  efficiency  of  steam  engines  has  materiallv 
increased,  but  finality  has  not  been  reached. 

Professor  Unwin,  in  iSc;;,  gave  an  account  of  the 
accepted  theories  as  to  the  action  of  steam  in  an  engine  ; 
but  he  was  careful  to  point  out  that,  whereas,  on  the 
theoretical  considerations  alone,  the  use  of  steam 
jackets  round  engine  cylinders  might  be  ex])ected  to 
afford  beneficial  results  (in  checking  condensation  of 
steam  in  the  engine  cylinder),  yet  in  some  cases  it  was 
a  negligible   quantity.     The  causes  for   tliis  are   to   a 


great  extent  known  in  general  terms,  but  cpiantitatively 
our  knowledge  is  far  from  that  exact  kind  which  is  of 
real  scientific  value.  This  is  reflected  in  the  practice 
ot  leading  steam  engine  builders  ;  there  being  a  diver- 
gence in  practice  which  it  is  impossible  to  reconcile 
with  the  possession  of  adequate  experimental  data. 

Another  important  problem  relating  to  the  steam 
engine  is  the  economic  efiect  of  interheaters  through 
which  the  steam  is  passed  from  one  cylinder  to  another 
in  a  compound  engine.  The  data  on  which  the  use  of 
such  heaters  is  founded  are  far  from  being  of  a  satis- 
factory character,  and  present  discrepancies  which 
require  clearing  up.  The  jiractice  of  superheating 
steam  also  presents  certain  problems  which  are  far 
from  being  satisfactorily  solved.  It  is  nearly  half  a 
century  since  Hirn  carried  out  his  historical  experi- 
ments, and  the  trials  made  since  are  legion;  but  those 
which  have  a  direct  bearing  on  advanced  practice 
are  comparatively  few,  and  by  no  means  complete  in 
character.  A  great  delect  is  that  experiments  with 
superheated  steam  have  lieen  carried  out  on  engines 
designed  to  work  with  ordinary  saturated  steam.  To 
determine  the  full  economic  value  superheated  steam 
must  be  used  in  engines  specially  constructed  for  its 
use  both  as  regards  materials  and  design. 

We  are  also  much  in  want  of  a  thorough  deterniina- 
tion  of  the  physical  properties  of  superheated  steam 
extending  over  the  range  of  temperature  likely  to  be 
employed.  Equally  desirable  is  the  thorough  investi- 
gation of  both  saturated  and  superheated  steam  in 
various  tvjies  of  turbine  motors,  a  matter  of  rapidly 
growing  importance.  Referring  to  the  cpiestion  of 
higher  steam  pressures,  iMr.  Maw  stated  that  the 
problem  recpiires  investigation,  but  the  prospect  of  any 
very  material  ii  crease  of  economy  being  obtained  does 
not' appear  particularly  hopeful.  We  are  also  without 
any  direct  termination  of  the  latent  heat,  volume, 
antl  temperature  corresponding  to  pressure  in  cases 
of  steam  pressures  exceeding  350  lb.  per  square  inch. 
The  published  data  obtained  by  extrapolation  are 
by  no  means  strictly  to  be  relied  upon. 

"Altogether,  the  'steam  engine  still  attords  ample 
lield  for  experimental  research,  and  such  researches 
must  differ  widely  from  ordinary  so-called  engine 
trials,  anil  must  be  carried  out  by  appliances  quite 
unknown  to  early  experimenters.  Very  experimental 
engines  in  various  engineering  colleges  would  be  ad- 
mirably adapted  for  the  j)urpose.  There  should  be 
co-operation  between  the  various  colleges,  and  the 
organisation  should  be  such  that  different  lines  of 
research  should  be  followed,  so  as  to  enable  each  institu- 
tion to  carry  out  that  definite  part  of  the  work  for 
which  its  equipment  is  best  adajited.  The  mere 
aggregation  of  a  large  mass  of  data  is  far  from  being 
all  that  is  needed.  What  is  equa'ly  necessary  is  the 
thorough  discussion  of  such  data,  the  determination 
<if  the  strong  and  weak  ])oints,  and  the  extraction  of 
such  lessons  as  the  facts  aftord. 

Ill  the  course  of  his  remarks  011  tliL-  subject  of  internal 
combustion  engines,  the  lecturer  remarked  that  much 
that  he  had  stated  regarding  the  steam  engine  applied 
also  to  the  various  types  wdiich  were  now  assuming 
such  an  im]>ortant  position  amongst  modern  motors. 
Ill  the  latter  part  of  his  lecture,  Mr.  Maw  pointed  out 
the  many  unsolved  problems  in  constructional  en- 
gineering that  remain  for  the  civil  engineers  to 
attack.  He  remarked  that  the  growth  of  electrical 
engineering  constitutes  a  great  object-lesson,  sufficient 
in  itself  abundantly  to  emphasise  the  fact  that  the 
future  progress  of 'engineering  is  indissolubly  bound 
u])  with  the  jirogress  of  physical  research. 

A  selection  of  the  papers  read  at  the  Conference  will 
be  found  in  another  part  of  the  Magazine. 


OUR  BIOGRAPHY  OF  THE  HONTH. 


MR.    CUTHBERT   ARTHUR    BRERETON,    M.Inst.C.E. 


THE    name    of    Mr.    Cuthbert   Arthiii-    Brcreton, 
M.Inst.C.E.,  has  been  lately  prominent  in  con- 
nection with  the  opening  of  the  new  bridge  at  Kew. 
He  was  responsible,  with  his  partner,  Sir  John  Wolfe 
Barry,    K.C.B.,    for   the    engineering   of    the    entire 
scheme  from  its  inception.      Mr.  Brereton  has  also 
been  connected  with  a  number  of  important  railway 
and    dock    enterprises.     Youngest   son    of    the    late 
Mr.  John  Brereton,  of  Brinton,  Norfolk,  he  was  born 
in  1850.     He  married  in  1880,  Frances  Ann  Caroline, 
only   daughter   of   the   late   Captain   Birt  Wyndham 
Rous  Jenner,  of  Wenvoe,   Glamorganshire.     He  was 
educated  at  Clifton  College,  and  subsequently  obtained 
a  Whitworth  Exhibition  and  diplomas  of  the  Science 
and  Art  Department,  South  Kensington,  in  geometry, 
magnetism  and  electricity,  acoustics,  light  and  heat, 
and  machine  construction  and  drawing.     He  decided 
upon  the  profession  of  a  civil  engineer,  becoming  a 
pupil  of  the  late  Mr.  R.  P.  Brereton,  of  Westminster. 
From    1870  to    1871   he   was    engaged   as    assistant 
engineer   on   the   construction   of   the   Fermoy   and 
Lismore  Railway.     His,  first  important  appointment 
was   that   of  resident  ■  engineer   to   the   Llynvi    and 
Ogmore    Railways  and  Porthcawl   Docks    in   South 
Wales  (1872-76).   From  1876  to  1879  he  was  executive 
engineer  of  the  Waterford,  Dungarvan,  and  Lismore 
Railway;  and  from  1881  to  1884  he  was  connected 
with   the  Lewes   and  East    Grinstcad    Railway,  and 
the    City   Lines,    Inner   Circle    Railway,  as   assistant 
engineer  to  Sir  John  Wolfe  Barry,  K.C.B.    His  partner- 
ship with  Sir  John   dates  from  1893.      Mr.  Brereton 
has  since  been  engaged  in  the  construction  of   the 
Barry  Docks   and    Railways,    Middlesbrough  Docks. 
Surrey  Commercial  Docks,  and  Kew  Bridge  ;   also  in 
various     works     for     the     Natal     Government,     the 
Caledonian   Railway   Company,   the   North    Eastern 
Railway  Company,  the  Barry  Railway  Company,  the 
Metropolitan     Railway     Company,     the      Metropolitan 
District  Railway  Company,  and  the  Alexandra  (Newport) 
Dock   and   Railway    Company.     At    the   present    time 
he  acts  as  engineer  of  the  Whitechapel  and  Bow  Railway 
and     the    w-estern     section     of     the     Great    Northern, 
Piccadilly,   and    Brompton   (Tube)   Railway.      He    is   a 
lieut.-colonel   of    the  Engineer  and  Railway  Volunteer 
Staff  Corps,    Member  of  the  Council  of   the   Institution 
of  Civil  Engineers,  and  Associate   of   the   Institution  of 
Naval   Architects.     His   connection    with  the  Institution 
of  Civil  Engineers  dates  from  1880,  when  he  was  elected 
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MU.   CUTH15ERT   .ARTHL'R    BRERETON,    M.INST.C.E, 

a  member,  and  he  became  an  associate  of  the  Institute  of 
Naval  Architects  in  1886.  Mr.  Brereton  resides  at 
Twickenham,  and  interests  himself  in  many  of  the  local 
affairs.  He  is  a  commissioner  and  trustee  of  Richmond 
Bridge,  and  has  for  some  years  been  churchwarden  and 
trustee  of  St.  Stephen's,  East  Twickenham.  He  is  a 
manager  and  trustee  of  the  schools  of  that  parish,  and  a 
local  representative  of  the  Hampton  Rural  Decanal 
Conference.  Mr.  Brereton  is  an  ardent  sportsman,  and 
devotes  such  spare  lime  as  he  is  able  to  obtain  in  shooting 
and  lishini'. 


(37) 


A    RESUME    or    MACMIINE    TOOLS,    CR3NE5,    AIND    EOUNDR/ 

riaTTER5   roR  the   MOINTM. 


AN      ELECTRICALLY     DRIVEN      DISC     GRINDER. 

IN  our    issue  of  Uctol.ier  last  we  noticed    a   new    disc 
grinder  brought  out  by  Messrs.  C.W.Bnrton,Griffiths 
and  Co.,  of  I.udgate  Square,  E.C.     This  firm  has  now- 
added  a  motor  drive  to  the  machine.      Our  ihustration 
shows  the  20-in.  size,  but  either  <>i  their  disc  grinders 
can  be  fitted  similarly.     The  motor  is  entirely  enclosed, 
and  is  of    the  four-pole  type,  measuring  •<  m.  l)y  3  m. 
.\nv  possible  endlong  movement  of  the  grinding  discs 
due    to    expansion    through   heat    is    guarded    against, 
so  that  the  micrometer  readings  are  not  affected.     This 
motor  drive  makes  the  machine  a  self-contained  one, 
so  that  it  may  be  located  anywhere  regardless  of  the 
proximity  of  overhead  beams  or  ceilings,  and  it  mav 
also  be  moved  about  from  place  to  place  if   necessar\ , 
so  long  as  a  rigid  foundation  is  secured. 
UP-TO-DATE     WORKS. 
The   new   work^  ot    the   Shannon,    Ltd.,    at   Dalston, 
London,  embody  much 
that   is  up-to-date  and 
interesting.     This  firm 
emjilovs    a  large  num- 
lier     of     woodworking 
machines  in  the  manu- 
facture of  office  fittings 
for     its     card    system, 
and    letter     filing,    etc. 
Much  of  this  machinery 
IS  of  American    manu- 
facture.    It  is  operated 
1)V  electricity,  deri\-ed 
from  d\  namos,     direct 
conjiletl  to    Lielliss  and 
Morcom      high  -  spi'cd 
engines    of    480     h.i'., 
the  steam    being    jiro- 
duccd  bv    %\ater    tube 
boilers      by       Bal)cock 
and  Wilcox.     An  elal)- 
orate  system  of  exhaust 
pipes      1 -rings       every 
particle      of      sawdust 
and     cliips     from     the 
machines  to  tlie  boilers, 
where  it  is    burnt    as 


fuel.  The  sweepings  of  the  floors  are  sent  down 
through  floor  valves  to  the  stoke  hole,  to  be  also 
consumed  m  the  boilers.  Grinnell  sprinklers  serve 
every  floor.  A  pure  cool  atmosphere  is  thus  main- 
tainetl. 

There  is  no  unnecessary  handling  of  materials  in 
the  shops.  All  materials  come  in  at  the  front  entrance, 
which  is  closed  at  night  f^y  a  revolving  iron  shutter. 
An  electric  lift  elevates  the  stuft'  to  the  different  floors, 
and  this  is  governed  in  such  a  way  that  it  is  impossible 
to  start  the  lift  while  any  of  the  dcwrs  remain  open. 
Trollevs  serve  each  floor.  The  employees  are  provided 
with  lavatories,  shower  baths  being  fitted  on  each 
floor,  as  well  as  private  bathrooms.  There  is  a  dining- 
room  for  the  use  of  emplovees  whose  homes  are  distant, 
and  altogether  these  works  are  a  remarkable  improve- 
ment on  some  (jf  the  old  cabinet  shops  we  are  acquainted 
with. 


.\i:\V    MOTOR- DRIVliX    DISC    (.RINDKR. 


(.i^) 


WorKshop    Practice. 


39 


THE    NEW    WORKS    O  I-     THI'.    MlANNoX,    LTD. 


HIGH     SPEED    STEELS. 

Although  high  speed  steels  are  heconiing  famiHar, 
the  results  obtained  by  their  employment  still  afford 
room  for  astonishment.  The  high  speeds,  combined 
with  coarse  feeds,  and  the  quantity  of  chips  removed 
in  a  given  time,  "  knock  the  bottom  out  of  "  the  old-time 
ideas.  Better  results  are  obtained  on  forgings  than  on 
cast  iron,  which  is  more  or  less  hard.  The  cutting 
speeds  for  wrought  iron  and  soft  steel  used  to  be  taken 
at  from  20  to  25  feet  per  minute.  Speeds  may  now 
range  from  50  to  200  feet,  varying  with  tht  depth  of  cut, 
and  feed.  A  more  striking  figure  perhaps  is  the  weight 
of  metal  removed  in  chips,  which  has  sometimes  reached 
500  to  over  1,000  lb.  in  an  hour.  What  a  number  of 
problems  now  confront  the  tool  maker  !  \\  hat  l>ecomes, 
too,  of  the  laboured  work  of  the  smith  in  bringing 
forgings  down  nearly  to  size,  in  order  to  save  the 
labour  and  time  of  the  machinist  ?  A  good  deal  of 
heavy  forged  work  will  go  the  way  of  light  lorgings, 
which  have  been  displaced  so  greatU'  by  the  hollow 
spindle  lathe,  turning  from  plain  bars.  The  lathes  of 
ten  years  hence  will,  it  is  safe  to  predict,  have  to  be 
greatly  modified  on  present-day  designs  in  order  to 
enable  them  to  stand  up  to  the  new  tool  steels. 
Formerly    the    lathe    governed    the    pace    of  cutting  ; 


now  the  tool  steel  imposes  its  conditions  on  the  lathe. 
The  difference  in  the  power  required  is  well  illustrated 
by  a  statement  by  the  General  Itlectric  Company  0/ 
Schenectady,  to  this  effect  :  In  the  case  of  two 
26-in.  lathes,  one  doing  heavy  work,  the  other  light, 
one  requires  a  25  h.p.  motor,  the  other  a  5  h.p.  motor. 
The  lirst  was  roughing  steel  shafting  at  a  speed  of 
100  feet  per  minute,  with  a  |th  cut,  and  an  |th  feed  ; 
the  second  was  used  for  finishing  light  cast-iron  work 
at  a  maximum  cutting  speed  of  about  75  feet  per 
minute,   Jth  in.  cut,  and  ■i\-  in.  feed. 

With  the  more  extended  use  of  high-sjieed  steels, 
the  old  light  lathes  must  be  to  a  great  extent  displaced; 
The  time  will  come  when  more  than  the  mere  height  of 
centres  will  be  demanded  in  giving  dimensions  of 
lathes  ;  the  size  of  spindles,  the  weight  of  the  lathe, 
with  certain  details  of  design,  and  guarantees  of 
accuracy  will  have  to  be  included.  The.se  details  will 
make  the  difference  in  jirices  of  some  lathes  ol  the 
same  nominal  size,  doulile,  and  e\en  treble  that  chargeil 
for  others. 

SYSTEMS     IN     SHOPS. 

There  is  im  inoii.-  i<.in.iil^.ililc  >iL;n  of  the  limes 
industrially  speaking,  than  the  substitution  of  .system 
for  the  personal  control  of  works,  and   the    ]iroblems 
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that  arise  out^of  wages  payment.  There  is  a  perfect 
invasion  of  our  shops  going  on  by  the  Am.erican  card 
systems,  which  is  absoUitely  astonishin;^.  The  contrast 
between  the  new  and  the  old  in  this  respect  is  ver\- 
puzzling.  Recently  an  advocate  of  card  svstems 
spoke  very  deprecatingly  to  the  writer  about  a  iirm 
in  which  single  orders  costing  se\-eral  thousand  pountls 
each  involved  scarcely  any  clerical  work.  Knowing 
the  methods  of  that  Iirm  well,  we  are  of  opinion  that 
it  gets  along  just  as  well  in  its  present  system  as  it  could 
with  the  most  up-to-date  card  tiUng  methods.  Xearlv 
all  the  work  done  is  m.assix-e  ;  there  is  little  repetition, 
and  the  control  is  wholly  of  a  personal  character. 
That  is  an  exce])tional  case.  In  the  larger  nunil)er  of 
works  tile  card  system  can  unquestionabl\-  be  used 
with    economic    result-. 

HIGH     AND     LOW     WAGES. 

The  opiriion  is  too  common  that  the  uniwth  ol 
lal)our-sa\ing  de\-ices  and  s\-stems  mean  re<.luctions 
in  wages  bills,  or  in  the  substitution  of  lo\v-]iaid  men 
for  highly-]),;iil  ones.  This  is  onlv  true  to  a  limited 
e.xtent,  and  in  certain  departments.  What  thev  mean 
is  increased  production,  which  is  a  difterent  thing  from 
low  wages.  It  is  the  height  of  folly  to  entrust  high- 
class  tools  to  cliimsv,  careless  men.  \'aluable  gear 
cutting  machines,  hi,i;h  class  mdliiig  macliines.  and 
tool  room  e<iui]iments  generally  should  be  m  the  hands 
of  superior  men  in  receipt  of  higher  wages.  The 
premium  system,  like  that  of  piece  work,  can  onlv  prove 
successful  so  long  as  men  carrv  away  extra  wages  on 
Saturdays.  fiven  the  machines  which  employ  un- 
skilled labour  will  only  be  operated  to  their  full  limits 
when  heavy  balances  are  l)eing  made.  The  slightest 
mo\ement  towards  lowerini;  wages  is  a  wet  blanket 
on  o]ierati\-es,  as  is  natural  in  human  nature, 

A     STANDARD     TEMPERATURE     FOR     GAUGES. 

Since    the    (ib\iiius    ]>rrs(.-iU-i  la\-    teiideiic\-    i>    to    th 
sui)stiluti(in   ol    ^au,i.;ed    for  rule 
measuremeiil,     the    temperature 
at       winch      tliesr       gau.!;es      are 
standard    lias    not    receu'ed    the 
attention  winch  it  merits.    When 
giuiges  are   ])iirchased,  no  statr- 
meiit   IS  m;ide  as  to  the  temiiera- 
\in\-  ;it  \\hi(  h  lhc\   are  ol  correct 
dimension^.      It    i>    considered    tluit 
ahcratious  in  tc-mperaturt'    in  sliops 
atlect  the  wori<     ni  the  same    degree 
as  liie  gaugt's.       IIkju'-:,!!  tins  is  true 
as  regards  similar    met.'ils,  it   is  not 
so  with  ni,-iteri;ils   cil    diltereiil  kinds 
wincli  have  ditleieiit    t:o-ellicients  c 
ex])ansion.       It      is      also     desirable 
that  gauges  made  b\'dillerent  iinns 
should  be  standardised    at  oiii'  and 
the  same    temi)eratnre.      It    is  with 
II    view    to    obtain   tins  iinilormily 
that    the    French    scjciety     lor    the 
Encouragement     of    National     In- 
dustry   is    endeavouring    to   induce 


manufacturers  to  accept  tentatively  a  temperature  ot 
15  degrees  cent.  (50  degrees  fahr.)  as  a  standard  at 
which  gauges  are  to  l.)e  measureil. 

IMPROVED     BORING     MILL. 

The  increasing  use  of  the  fioring  and  turning  mills 
in  engineers'  shops  is  having  the  result  of  producing 
modifications  in  their  designs  in  the  hands  of  difterent 
makers.  We  illustrate  a  section  through  the  table  of 
the  heavy  40-in.  and  30-in.  mills  of  the  Anglo-American 
Machine  Tool  Company,  ofLaurencePountneyHill,  H.C., 
the  leading  feature  in  which  is  the  submergence  of  the 
annular  wearing  surfaces  in  a  bath  of  oil.  A  double 
cone  takes  the  place  of  the  "  Schiele  "  curve — the 
ideal  form  for  the  spindle  bearings,  being  more  readily 
tooled  and  practically  as  good.  The  bearing  surface 
consists  of  ^\•hite  metal  (shown  by  the  black  part  in 
the  drawing;)  di\ided  into  eight  sections  with  channels 
through  which  the  oil  circulates  freely.  The  height 
of  the  oil  at  any  time  is  indicated  in  a  pipe  at  the  side 
of  the  machine.  The  oil  can  be  drawn  oft  when  dirt}', 
b\-  remoxing  n  screw  jilng  at  the  front. 

The  (lrawin,L!  indicates  the  table  tlrive  by  spur  wheel 
and  pinion,  and  the  cox'er  over  the  latter  can  l)e  removed 
fur  examining  the  gear.  The  pinion  drive  takes  place 
just  below  the  tool  bar,  vs'ith  the  result  that  the  side 
thrust  on  the  table  and  spindle  is  less  than  if  the  pinion 
were  located  elsewhere.  This  arrangement,  with  the 
oil  bath,  ]iermits  of  high  speeds  and  heavy  cutting  on 
the  machine.  In  another  design  of  machine,  used 
chiefly  for  turning,  and  not  for  lioring,  the  spindle  is 
simpler,  the  table  being  driven  by  a  worm  and  a 
wheel  hobl)ed  on  the  edge  of  the  table  ring.  This 
table   runs   on   a   flat    lace,    the   worm   and   wheel  only 
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running  in  a  bath  of  oil.  Tlie  end  thrust  of  the  worm 
is  taken  on  rollers.  In  both  these  designs  the  spindles 
are  hollow  (see  figured,  so  that  cuttings  fall  through 
to  the  floor  inside  the  frame,  whence  thev  are  readilv 
removed.  The  spindles  of  all  machines  are  threaded 
internally  near  the  top.  to  permit  of  the  use  of  clamping 
bolts  for  holding  pieces  for  finishing  operations.  Central 
mandrels  also  can  be  screwed  hi,  for  centering  some 
classes  of  work,  thus  saving  tentative  setting. 

A  feature  of  these  mills  of  single  column  tvpe  is 
that  the  table  is  placed  to  one  side  of  the  column, 
instead  of  directly  in  front.  This  has  the  effect  of 
lessening  the  overhang  of  the  tool,  and  it  also  brings 
the  stress  of  heavy  outside  cutting  against  the  main 
column,  instead  of  tangential! v  thereto. 

The  feeds  of  these  machines  have  been  operated  bv  a 
friction  disc  until  the  present  year,  but  a  newly  patented 
arrangement  of  positive  feeds  is  being  substituted  at 
the  present  time  in  some  of  the  sizes  made.  The 
gears  are  enclosed  in  a  box,  and  changes  are  effected 
by  shifting  a  lever  which  moves  an  index  indicating  the 
rates  of  feed  on  a  dial.  The  feeds  per  revolution 
of  the  table  are  -it,,i  i"-.  :,'.- in.,  ;.,V  hi.,  :;*,;  in.,  t,;- in.^ 
-j-j  ill.,  s  in-.  4  in-  ^  li^  *^1^1  friction  disc  feeds  are 
retained  for  the  present  in  some  machines,  but  the 
positive  ones  are  being  fitted  to  a  large  number  ol 
those  specially  for  the  l;igh-s]ieed  cutting  steels. 

GIRL     LABOUR     IN      ENGINEERS'     WORKS. 

Objection  has  been  made  to  this  practice,  but  on  no 
solid  grounds.  Whatever  objections  may  be  urged 
against  it  in  engineers'  works  woidd  apply  equally, 
and  often  with  far  greater  force,  to  the  factories  in 
which  such  labour  has  been  adopted  as  a  matter  ot 
course  for  a  generation,  or  a  century  past.  The 
occupations  in  which  girls  find  a  suitable  sphere  are 
light  core  making,  the  taking  charge  of  light  machine 
tools,  light  fitting  at  the  vice,  the  minute  and  more 
delicate  adjustments  of  smnll  portions  of  mechanism, 
in  the  inspection  of  gauged  work  of  a  light  character, 
in  some  branches  of  electrical  work,  in  French  polishing, 
etc.  We  have  seen  them  engaged  in  all  these  occupa- 
tions, and,  nith  rare  excej^tions,  seated  at  their  tasks. 
The  surroundings  of  modern  engineers'  shops  are 
more  sanitary  and  healthful  than  those  in  the  older 
class  of  weaving  and  spinning  sheds  and  shops,  and 
immensely  superior  to  sweating  dens,  and  to  those  of 
average  domestic  service.  The  separation  of  the  sexes 
in  different  rooms  should,  however,  be  insisted  on  and 
a  retiring  room  provided,  as  is  done  in  some  of  the  best 
works.  Under  such  suitable  regulations,  girl  labour 
in  engineering  works  has  come  ,to  stay,  and  is  not 
objectionable. 

STANDARDISATION     IN     ELECTRICAL     CRANE    WORK. 

'liuri  dcpailineiil  of  pruLlicc  has  Leti-nie  nicjre 
thoroughly  standardised  than  the  practice  of  the  general 


crane  makers  ever  has  been.  This  is  one  of  the  minor 
advantages  due  to  the  use  of  electricity,  of  which  no 
account  is  taken,  but  it  is  one  that  will  be  highly  appre- 
ciated in  course  of  time.  This  is  due  in  tlie  lirst  place 
to  the  building  of  motors  in  certain  types  and  sizes, 
whence  all  the  rest  of  the  crane  equipment  as  controllers, 
switches,  collectors,  etc.,  follow.  No  such  precise 
data  were  ever  available  in  the  (ilder  j)ower  cranes  as  are 
in  the  electrical.  Nobody  ever  knew  the  horse  power 
of  a  crane.  The  only  test  was  the  lifting  of  the  load 
with  a  margin,  the  latter  being  very  elastic,  and  varying 
from  zero  to  100  per  cent.  Now  you  get  a  motor  of  a 
definite  capacity,  adapted  to  a  crane  output  of  a  definite 
horse  power,  and  every  other  connection  is  similarly 
standardised.  Electrical  crane  work  is  thus  becoming 
even  more  cut  and  dried  than  that  of  the  steam  and 
hydraulic  cranes  has  been. 

ANALYSIS     OF     MOULDING     SAND. 

The  following  is  a  rougli  m.ethod.  oi  analysis  of 
moulding  sand  which  has  been  furnished  to  the  trade 
bv  the  Carden  Ciiy  Sand  Company,  of  Chicago  : 
Heat  to  dryness  and  pulverise  in  a  mortar  ;  weigh  out 
a  specific  quantity,  say  one  gram.  Boil  with  concen- 
trated nitric  acid  until  the  sand  is  white.  Filter, 
drv  and  weigh  ;  number  of  centigrams  is  percentage  of 
silica.  Precipitate  iron  in  filtrate  with  sodium  hydrate. 
Filter,  drv  and  weij^h  ;  this  gives  iron.  Precipitate 
alumina  in  filtrate  with  ammonium  hydrate.  Filter, 
drv  and  weigh,  as  before.  In  each  instance  number 
of  centigrams  gives  percentage  of  substance  present 
in  the  sand.  The  presence  of  lime  or  magnesia  can 
be  demonstrated  by  dropping  a  little  hydrochloric 
acid  on  the  sand.  I'nless  the  sand  bubbles  noticeal.'ly 
there  is  not  sufficient   of  eitlier  to  injure  the  sand. 

THE     CONTINUOUS     SYSTEM. 

Dr.  Richard  Moldenke,  an  American  expert  in 
foundry  matters,  advocates  strongly  the  continuous 
system  of  working  in  foundries  as  the  best  means  of 
meeting  labour  difficulties,  the  competition  of  "  our 
chief  competitor "  Germany,  and  the  only  way  of 
salvation  which  many  foundrymen  must  arrange  for, 
or  "  go  out  of  business."  Personally,  he  says  he 
"  always  enjoyed  the  sight  of  floor  upon  floor  of  moulds 
ready  to  pour  the  first  thing  in  the  morning." 

We  hope  that  the  time  when  systematic  night  work, 
with  two  or  three  shifts  of  men  is  far  distant.  It  is  bail 
enough  to  adopt  at  a  push,  but  the  conditi<ms  woidd 
be  most  unwholesome  for  industry  as  a  whole.  li> 
sleep  by  day  and  work  by  artiiicial  light  is  necessary 
in  the  case  of  some  men,  but  an  extension  ol  such  a 
system  to  industry  in  general  is  to  be  discourjiged- 
The  American  foundry  industry  must  be  hard  put  to 
when  cimtinuous  pouring  is  seriously  consiilered. 
luiglish  foundrymen  are  not  anxious  to  go  in  for  that 
vet — if  ever. 


"THE  LOCOMOTIVE  OF  TO-DAY." 

Second  Edition.      The    Locomotive    Publishinij 

Compan}^  Ltd.  i8o  pp.  2S.  6d. 
npHIS  excellent  little  work,  whose  anthor's 
"*■  name  is  not  given,  is  a  most  valuable 
treatise  in  brief  u]X)n  the  salient  features  of 
modern  locomotive  practice.  Its  sul)iect  is  dealt 
with  in  five  different  sections,  namely:  (i)  the 
Boiler  ;  (2)  the  Engine  ;  (3)  the  Framing,  Wheels, 
etc.  ;  (4)  the  Tender,  Brakes,  etc.  ;  while  Section  5 
gives  prominent  examples  from  modern  practice. 
All  the  })arts  and  details  of  modern  British  rail- 
way engines  are  described  with  admirable  terse- 
ness and  lucidity,  and  the  "  Reason  Why  "  in 
respect  of  the  various  differences  in  design  and 
construction  that  are  still  met  with  in  locomotives, 
and   which   seem   no   nearer   than   ever   toward 


arriving  at  anything  aj^proximating  to  uni- 
formity, are  explained  with  much  clearness. 
Additional  value  is  given  to  the  book  by  its 
wealth  of  illustration.  There  are  sixteen  ex- 
tremel}^  good  half-tone  plates  showing  examples 
of  the  most  modern  engines,  one  specimen  each 
from  America,  Belgium,  Austria,  and  Switzer- 
land being  added  to  the  twelve  British  examples. 
Then  there  are  thirty-seven  figures  showing 
various  locomotive  details,  and  three  working 
drawings  and  one  of  Mr.  Ivatt's  Great  Northern 
coupled  ex|)ress  engines.  Altogether  "  The 
Locomotive  of  To-day  "  is  a  handy  manual  that 
any  student  of  locomotive  engineering  cannot 
afford  to  be  without,  while  it  possesses  much 
interest  for  the  amateur  as  well  as  for  the  pro- 
fessional reader. 


EIGHT-COUl'LEU   COMI'OCXU    EXGIXK    USED    OX    AUSTRIAX    SOUTHERX    RAILWAY. 
J'rom  "  The  Locomotive  of  To-dav." 
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HIGH    VOLTAGE    DYXAMO,    OF   BROWN',    EOVERI   AXD   CO. 
Fro7n  "  Design  of  Dynamos,"  by  Professor  S.  P.  Thompson,  D.Sc,  F.R.S 


DESIGN    OF    DYNAMOS. 


By     Silvanus     P.     Thompson,     D.Sc,     F.R.S. 
E.  and  F.  N.  Spon,  Ltd.     12s. 

/CONFINED  to  continuous  current  gene- 
^~^  rators,  this  work  is  not  intended  to 
supersede  the  more  complete  handbooks  on  the 
special  branch  of  electrical  engineering  of  which 
this  is  only  a  part,  but  it  is  primarily  designed, 
the  author  tells  us,  for  his  own  stu  dents  Among 
the  requisites  in  the  designer  who  is  to  produce 
machines  that  will  hold  their  own  in  the  com- 
petition of  to-day,  Professor  Thompson  includes, 
"a  grasp  of  principles,  electrical  and  mechanical  ; 
a  knowledge  of  machinery  and  its  construction  ; 
an  acquaintance  with  the  successful  forms  that 
exist,  and  a  perception  of  the  reasons  why  they 
are  successful."  Emphasis  is  laid  upon  the 
fact  that  mere  rules  will  not  make  the  successful 
designer  of  dynamos.  The  section  devoted  to 
armature  winding  schemes  is  admirably  illus- 
trated by  plates  printed  in  colour,  and  a  number 
of  valuable  folding  plates  and  appendices  are 
bound  up  with  the  volume  in  addition  to 
numerous    illustrations.     Owing     to     it-^    cdm- 


pleteness  and  the  ex- 
treme care  with  which 
the  facts  are  presented, 
Professor  Thompson's 
work  cannot  fail  to  lie 
largely  in  request 
among  the  designers  of 
electrical  machinery. 
The  specially  interest- 
ing machine  for  high 
voltage,  by  Brown, 
Boveri  and  Co.,  illus- 
trated herewith,  is 
included  among  many 
other  useful  examples 
of  dynamo  design,  and 
is  thus  described  : — 

In  this  small  machine, 
working  at  high  pressure, 
great  care  is  bestowed 
upon  the  question  of  in- 
sulation throughout  the 
design.  The  chief  data  of 
this  machine  are  as  follows: 
Outside  diameter  of  yoke, 
35  in.  ;  length  parallel  to 
shaft  11-4  in.,  of  cast  steel. 
Themagnet-cores  art-circular  in  section, havingadiamcter 
of  -\  in.,  and  the  cores,  and  at  the  same  time  the 
pole-pieces,  are  attached  to  the  yoke  of  the  machine  by 
a  single  steel  bolt  ;  the  fact  that  the  seatings,  both  at  the 
yoke  and  pole-pieces  are  turned,  and  thus  possess  a 
rounded  surface,  making  this  possible.  The  armature 
is  15  in.  in  diameter,  the  length  between  core-heads  being 
9-85  in.  There  are  59  slots  and  1,416  conductors ; 
there  being  thus  24  conductors  per  slot,  arranged  in  the 
slots  in  two  taped  sets  of  12  conductors  each.  Round 
wire  of  a  section  of  0-0037  square  inch  bare,  and  O'oojo 
square  inch  insulated  is  used,  and  the  total  thickness  of 
insulation  between  conductors  and  core  amounts  to 
0-07  in.  The  winding  has  a  two-circuit  series 
parallel  grouping  ;  and  throughout  great  attention  is 
given  to  the  insulation  of  the  end  turns  and  connections. 
But  the  design  of  the  commutator  is  the  most  note- 
worthy feature  of  this  machine.  Owing  to  the  fact  that 
only  20  amperes  have  to  be  collected,  the  question  of 
insulation  was  the  paramount  one  to  be  considered. 
There  are  177  segments,  or  3  per  slot  ;  the  end  clamping 
plates  of  this  commutator  are  unusually  substantial. 

Mica  0-035  J"-  thick  is  used  between  the  segments, 
and  the  end  insulating  rings  project  far  beyond  the  end 
of  the  segments,  and  are  not  turned  off  Hush,  as  is 
usually  the  case  with  machines  of  lower  voltage.  On 
the  whole  the  constructit)n  is  very  simple  ;  that  of  the 
commutator  especially  so  ;  the  design  being  very  open 
throughout,  and  such  that  there  is  little  chance  of  dust 
or  dirt  collecting,  which  might  lead  to  a  breakdown  in 
the  insulation. 
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i;kush  gear  of  a  large  tractiox  gexerator,  by  the 

BRITISH    \VESTIXGH(U'SE    COMPANY. 
Frotii  ■' Cwntiiiuoii>   Curieiit  Dynamos  and  Mr.tors,    and 


devoted  to  their  workins^  and  i:)ractical 
application  to  lighting,  the  transmission 
of  power,  etc.  Electrical  traction  receives 
a  considerable  share  of  attention,  so 
far  as  tramway  motors  and  their  gear 
are  concerned,  and  another  feature  in 
which  the  \-olume  differs  from  similar 
works  is  the  discussion  of  the  Ifux- 
speed-torque  curves  for  motors 
excited  bv  the  different  standard 
methods. 


'CASSELLS   POPULAR   SCIENCE." 

With  numerous  plates  and  illustrations 
in  the  text.  Pul)lished  in  monthly 
parts,  at  jd.  net.  Cassell  and  Co., 
Ltd. 

T'XT'E  miagine  that  there  are  few 
readers,  howe\'er  blase,  who 
could  handle  these  numbers  without 
becoming  interested  in  many  of  the 
subjects  dealt  with.  The  illustrations 
are  admirablv  done,  and  the  te.xt 
affords  recreative  reading  of  a 
order.  '"  Cassell's  Popular  Science 
also  a  high  educational  value 
nine  or  ten  ])arts  we  have 
reflecting  considerable  credit 
editor  and  publishers  alike. 
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tlicir  Control." 

"CONTINUOUS  CURRENT  DYNAMOS  AND 
MOTORS,  AND  THEIR  CONTROL." 

B\-  W.  R.  Kelsey.  P.  S(  .  A.l.K  E..  P.Ph.S. 
The  Technical  Publishing  Comi)an\-.  I,td. 
5s.  net. 

A/fR.  KELSEY  here  completes  a  useful 
\<)lume.  which  consists  largeh'  ol 
articles  reininted  from  The  Practical  Kw^inccr. 
It  is  remarked  that  ])robably  in  years  to  come 
we  shall  see  dynamos  and  motors  designed  and 
made  in  engineering  worksho])s  quite  as  freeh' 
as  steam  engines  are  to-day.  The  elements  of 
dynamo  and  motor  design  are  clearly  set  forth, 
and  their  practical  construction  is  dealt  with 
concurrently.     The  latter  jiart  of    the  work  is 


"WIRELESS  TELEGRAPHY  AND  TELEPHONY.' 

("(implied  b\-  Dr.  Maurice  Ernst.  Illustrated. 
"  Electricity  "  Ofhce.  3b.  Maiden  Lane, 
Co\'ent  (iarden.  Strand,  W'.C.     is. 

npHlS  little  book  sets  forth  chiefly  the  advan- 
-*■  tages  of  the  Orling- Armstrong  system, 
following  a  general  introduction,  and  we  think 
the  title  might,  with  advantage,  be  a  little  more 
si)ecific.  However,  the  ■"  man  in  the  street  "  wifl 
And  here  some  particulars  of  a  most  interesting 
])hase  of  wireless  telegraphy,  and  if  it  serves  to 
remind  him  that  aetheric  telegraj)liy  is  neither 
the  work  of  one  man  nor  conflned  to  a  single 
svstem,  so  much  the  better.  There  are  twelve 
illustrations,  and  a  bibliography  is  added  for  the 
benefit  of  those  who  require  further  information 
on  the  suliject. 


JOSE? J I     HORNER. 


This  article  is  concerned  with  the  floors,  tracks,  and  windows  of  engineering  buildings. 
Previous  articles  dealt  with  General  Conditions  (March,  1903),  the  Separate  Units  comprised 
in  an  Engineer's  Works  (April),  Ground  Plans  (May),  Walls  and  Roofs  (June).  The  series  is 
illustrated  by  typical  examples. — Ed. 


V. 


THE     FLOORS. 

HE  floors  in  \\orks 
are  variously  con- 
structed. Board  is 
suitable  for  pattern 
and  machine  shops ; 
earth  and  clinker  is 
usually  laid  down 
in  the  boiler  shop, 
smithy,  and  heavy 
erecting  shops,  and 
sand  in  the  toundry.  In  machine  and  light 
erecting  shops  located  on  the  ground  floor, 
earth  is  not  infrequenth'  employed.  Cobbles, 
granite  sets,  or  flat  jvaving  are.  however, 
probably  most  common.  The  latter  make  a 
sound  durable  floor,  though,  if  the  stones  are  of 
large  size  they  become  fractured  in  the  course 


of  time  through  the  dumping  down  of  heavy 
work  upon  them.  Cobbles,  therefore,  are 
better — the  same  style  as  used  for  street  paving 
— but  lumpy;  the  stones  should  be  practically 
flat.  Stone  floors  are  dry,  and  nearly  free  from 
dust  ;  earth  floors  are  not.  The  paving  of  a 
large  shop  is  expensive,  and  for  this  reason 
earth  and  l)roken  stone  has  so  often  been  used 
in  the  past.  For  the  boiler  shop  and  smithy 
an  earth  floor  is  not  objectionable.  Generally, 
cinders,  clinkers,  or  ashes  are  laid  on  the  dirt, 
and  rammed  in.  so  that  a  good  floor  is  secured 
at  low  cost.  The  sand  floor  for  the  foundry  is 
practically  universal,  the  few  e.xce})tions 
occurring  in  some  shops  where  plate  moulding 
alone  is  done  on  benches.  The  depth  of  sand 
laid  down  ranges  from  about  2  ft.  to  4  ft.  in 
foundries. 
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THE     CASE     OF     BOARD     FLOORS. 

The  objection  to  laying  down  wood  in 
machine  shops  on  ground  floors  is  that  the 
massive  work  handled  damages  the  boards,  and 
also  that  the  men's  boots,  moving  about  con- 
stantly next  to  lathes  and  machines,  wear  the 
boards  hollow  locally.  In  the  course  of  time, 
therefore,  portions  of  the  floor  have  to  be  relaid. 
A  board  floor  also  interferes  with  tlie  jiutting 
in  of  foundations  for  new  machines,  but  earth 
or  paving  stones  do  not.  This  objection  has 
considerable  weight  in  an  expanding  shop, 
since  it  is  clearly  impossil)le  to  say  what  altera- 
tions in,  or  additions  to.  the  equi]^ment  of 
machine  tools  may  be  wanted  in  the  course  of  a 
few  years.  This,  however,  does  not  ajiply  to  the 
light  machine  shops,  where  bolting  down  can  be 
done  directly  to  the  floor,  or  into  the  joists 
beneath.  For  heavy  machine  shops,  therefore, 
there  is  much  in  favour  of  floors  laid  with 
paving  stones  in  flags  of  moderate  dimensions 
and  good  substantial  thickness,  or  in  granite 
sets.  Or,  a  good  concrete  is  an  excellent 
substitute,  but  it  must  be  good,  otherwise,  in 
the  course  of  time,  it  will  become  broken  up  into 
powder.  For  light  shops,  whether  on  ground 
floors  or  in  galleries,  a  board  flooring  is  best. 

A  slight  objection  to  boarded  floors  in  machine 
shops  is  the  absorption  of  oil  by  them.  This 
may     be     largely     prevented    b\-    standing    or 


suspending  waste  oil  trays  in  those  spots  where 
drippings  may  occur.  But  if  a  close-grained 
wood,  such  as  maple,  is  chosen  for  the  flooring 
l)oards,  less  oil  will  be  absorbed  than  by  deals. 

CONCRETE     FLOORS. 

Concrete  has  been  used  for  shoj)  floors  on  a 
suitable  foundation  of  broken  stone.  The 
foundry  floor  of  the  Walker  and  Pratt  stove- 
making  works,  at  Watertown,  ]\Iass.,  may  be 
instanced.  In  this  foundry  there  is  a  central 
gangway  set  li  in.  lower  than  the  floor,  and 
sharply  separated  therefrom  by  a  bar  edging 
set  in  the  concrete.  This,  however,  is  a 
foundry  where  the  work  is  mostly  flat,  and 
turned  over,  and  sufficient  sand  for  this  is 
stocked  on  the  floor. 

COMPOSITE     FLOORS. 

Concrete,  steel,  and  timber  are  variously 
employed  in  ground  floors.  Fig.  I  shows  one  of 
these,  composed  of  cement  concrete,  surrounding 
steel  joists.  Pine  sleepers  of  dovetail  section  are 
embedded  in  the  concrete,  so  that  they  cannot 
rise.  These  have  2-in.  pine  planks  tongued  and 
grooved,  nailed  to  them,  and  to  these  J-in.  maple 
boards,  3  in.  to  4  in.  wide  are  nailed. 

Ashes  enter  into  the  composition  of  many 
floors.  Fig.  2  shows  one  in  which  a  bed  of 
tarred    ashes    supports    timber    cross    bearers 
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embedded  at  intervals  of  3  ft.  to  4  ft.,  creosotcd. 
or  coated  with  tar  and  pitch,  and  covered  with 
2A-in.  or  3-in.  planks.  Fig.  3  illustrates  a  floor  in 
which  a  bed  of  concrete  is  carried  on  ashes  well 
rammed.  Over  this  a  thin  layer  of  sand  receives 
the  wood  blocks,  laid  on  end,  run  in  with 
pitch.  In  another  style,  a  layer  of  rulible 
concrete  carries  a  thickness  of  asphalt,  which 
again  sustains  a  layer  of  coke  breeze  concrete, 
to  which  thick  planks  are  spiked. 

GALLERY     FLOORS. 

Gallery  floors  are  built  differently  from 
ground  floors,  being  supported  on  joists  of 
timber,  or  of  steel.  But  concrete  frequently 
enters  into  the  composition  of  these,  to  enable 
them  better  to  aV)sorb  the  vibrations  of  machine 
tools,  and  render  them  less  liable  to  suffer  from 
risk  of  fire.  Fig.  4  illustrates  a  floor  supported 
on  steel  joists  embedded  in  concrete,  and 
sustaining  a  thickness  of  coke  breeze  concrete, 
on  which  the  boards  are  si)iked.  A  better  plan 
is  to  nail  the  boards  on  timber  sleepers  embedded 
in  the  concrete,  as  in  fig.  5.  A  solid  but  rather 
expensive  type  of  gallery  floor  is  shown  in  fig.  6, 
in  which  deal  joists  are  laid  close  together  and 
covered  with  boards.  In  the  Westinghouse 
works  at  Manchester  the  floors  of  the  machine 
galleries  are  built  in  this  style,  on  2-in.  by  lo-in. 
boards,  laid  edgewise  against  one  another  and 
spiked  together.  A  very  solid  rigid  floor  is  thus 
ensured. 

THE     TRACKS. 

These,  after  cranes,  are  the  most  important 
element  in  the  economical  handling  of  work, 
and  the  heavier  the  work  done  in  a  linn  llie 
more  essential  is  it  that  tracks  should  be  fully 
utilised.  It  is  often  easier  to  move  heavy 
castings  and  forgings  along  level  tracks  than 
to  hoist  and  carry  them  by  the  cranes,  which 
may  be  more  profitably  employed  in  actual 
lifting.     It    is    im])Ossible    without    tracks    to 


maintain  a  connection  between  departments. 
Considering  the  advantages  of  tracks  it  is  very 
remarkable  that  appreciation  of  them  has 
been  of  so  slow  growth,  and  that  it  is  but  partial 
yet.  Some  firms  have  not  got  beyond  the  high 
road  stage  of  transit.  You  see  half-a-dozen 
labourers,  their  bodies  in  nearly  horizontal 
jwsitions,  tugging  and  pushing  at  trolleys  over 
the  rough  sand  of  a  foundry  floor,  when  a  couple 
of  men  would  have  done  the  work  easily  in  a 
fourth  the  time  with  tracks.     In  like  fashion  the 
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trolleys  are  dragged  over  col:)l)les  in  the  machine 
shop,  or  over  dirt  floors,  and  al)Out  the  yard  from 
shop  to  shop.  The  cost  of  a  regular  system  of 
tramways,  with  turntables  and  switches,  would 
be  recouped  in  such  shops  in  a  cou})le  of  years  or 
less. 

In  shops  doing  light  work,  and  especially  in 
storied  buildings,  the  place  of  tracks  is  taken  by 
hand  barrows  with  two  wheels,  instead  of  one. 
These  can  Ije  run  along  the  floors  and  in  and  out 
among  the  machines  with  forgings  and  castings, 
or  boxes  of  small  pieces,  about  as  readily  as 
tliough  tracks  were  laid  down.  But  they  are 
unsuitable  for  heavy  machine  shops,  turneries, 
and  foundries,  and  for  yards. 

Objection  has  sometimes  been  made  to  this 
system  of  communication  that  it  occu}>ies  floor 
area  in  the  shops  which  might  be  utilised  for 
work.  There  is  not  much 
m  this,  l)ecause  the  main 
tracks  always  go  down  the 
centre,  which  must  be  left 
unoccu])ied  in  any  case,  in  an 
orderly  shop.  In  shops 
\\here  all  is  •'  at  sixes  and 
sevens,"  work  is  dumjied 
down  anvwhere,  and  oni' 
has  to  pick  one's  wa\'  among 
a  wilderness  of  iron  and 
steel.  This  is  the  old  style. 
Branch  tracks  again  miist 
be  left  clear,  but  with 
proper  prearrangement  these 
can  be  so  located  as  to  occupy 
ground  that  would  be  of  little 
value  ;    and  the  advantages 


of  tracks,  turntables,  and  switches  far  out- 
weighs any  slight  loss  of  ground  area  so 
occupied. 

The  value  of  shop  tracks  is  not  measured  alone 
by  the  convenient  connections  they  make 
between  shops  separated  bv  distance,  but  also 
by  the  dift'erence  between  the  tractive  force 
that  has  to  be  exerted  in  each  system.  A 
wheelbarrow  does  not  seem  so  very  wasteful  of 
labour  and  time  in  shops  where  labourers  are 
present  in  force,  and  where,  too,  considerable 
quantities  of  work  are  carried  about  by  hand. 
Such  shops  still  constitute  a  large  majority. 
But  it  is  onlv  necessary  to  consider  for  a  moment 
to  see  the  utter  waste  of  such  a  thing.  It  is 
equivalent  to  the  sul;stitution  of  stage  coach.es 
for  ex])ress  trains,  of  carrier's  vans  for  goods 
trains.     It     means    resistance     to    traction    of 
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perhaps  „\,  against  ^1,^.  From  actual  trials 
Mr.  J.  W.  White  has  shown  the  following  : 
That    with    a    portable    railway,    say    of    2-ft. 


FIG.    II. 

gauge,  and  tipping  equilibrium  trucks,  a  man 
will  easily  take  20  cubic  feet  of  earth  a  distance 
of  200  yards,  tip  it,  and  return  with  the  empty 
truck  inside  of  five  minutes ;  whilst  a  man  with 
wheelbarrow  and  planks  would  require  an  hour 
to  do  the  same  work.  These  facts  are  equally 
applicable  to  workshops.  When  locomoti\es 
are  substituted  for  human  traction  in  large 
shops  the  system  is  complete.  Such  is  the  case 
at  Crewe,  Horwich,  Woolwich,  and  many  other 
large  w'orks. 

In  order  to  fully  utilise  these  tracks,  no 
obstructions  must  be  permitted  to  render  a 
detour  necessary.  Straight  lines  and  short 
cuts  must  be  rigidly  adhered  to  in  laying  out 
the  shops.  Central  offices,  flanked  by  shops  to 
right  and  left  give  an  imposing  fayade,  according 
to  architect's  ideas,  but  it  is  not  economical 
to  divide  the  shops  by  a  group  of  offices. 

Only  the  best  is  good  enough  for  narrow 
gauge  lines  in  shops.  A  firm  bedding  for  the 
rails  is  most  essential,  because  they  are  liable 
to  sink  and  become  uneven  owing  to  the  over- 
hang sideways  of  the  heavy  loads  which  they 
have  to  carry — conditions  which  do  not  obtain  in 
permanent  way.  Heavy  rails  are  desirable, 
bedded  on  transverse  steel  sleepers  in  pre- 
ference to  using  wooden  ones.  Mr.  White  gives 
it  as  a  rule  for  the  weight  of  rails  that  twelve 
times  the  greatest  load  on  one  wheel  in  tons 
gives  the  weight  in  pounds  per  yard  of  rail. 

Some  large  works  are  served  with  two  systems 
of  tracks,  one  of  standard,  and  one  of  narrow 
gauge.  The  value  of  the  first  named  consists 
mainly  in  the  facilities  which  it  affords  for 
loading    materials     and     work     in     connection 


with  the  railway  that  serves  the  works,  and  also 
for  bringing  in  large  quantities  of  raw  material, 
and  coal,  etc.,  so  saving  a  second  unloading. 
The  narrow  gauge  is  used  chiefly  for  the  service 
of  the  shops,  because  it  is  more  economical 
of  space,  and  the  trucks  used  are  amply  large 
enough  for  the  temporary  character  of  their 
loading.  It  would  be  outrageous  to  have  full- 
sized  railway  trucks  blocking  up  the  shop 
areas  in  the  transit  of  work  in  course  of  progress. 
Nearly  all  the  stuff  that  has  to  be  handled  can 
be  loaded  in  trucks  running  on  i8-in.  to  24-in. 
gauge  tracks.  The  important  point  to  secure 
is  the  strength  of  the  truck,  and  the  firm  bedding 
of  the  permanent  way. 

The  diversion  of  materials  and  work  into 
shop  bays,  and  between  shops,  is  done  both  by 
turntables  and  curves.  When  practicable,  the 
latter  are  much  to  be  preferred,  being  less 
expensive  and  more  rapid  in  service  than  turn- 
tables. A  radius  of  12  ft.,  measured  to  the 
centre  of  the  rail,  is  a  minimum  for  curves 
where  the  trucks  are  moved  by  hand.  Twenty 
to  twenty-five'  feet  is  much  better  if  it  can  be 
arranged. 

The  objection  to  curves  is  the  su}ier-elevation 
of  the  outer  wheel,  and  the  sliding  friction  which 
is  caused  by  the  employment  of  rigid  axles. 
Curves  are  laid  down  in  shops  without  super- 
elevation of  the  outer  rail,  and  therefore  radial 
axles  should  be  em])loyed.  Rigid  axles  are, 
however,  commonly  employed,  and  friction  is 
lessened  frequently  by  making  one  or  both 
wheels  loose  on  an  axle.  Rigid  axles  and  fixed 
wheels  cause  friction  by  the  sliding  of  the  wheels 
through  a  distance  equal  to  the  difference  in 
the  length  of  the  inner  and  outer  rails,  and  by  the 
outer  wheel  flanges  thrusting  the  treads  of  the 
wheels  inwards,  with  consequent  extra  friction 
of  the  treads  and  of  their  flanges  against  the 
rails. 


In  the  C.  W.  Hunt  system,  which  is  very 
extensively  employed,  the  axles  are  made  radial, 
the  wheel  flanges  are  placed  on  tlie  outsides  of 
the  wheels,  and  provision  is  made  by  an  outer 
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curvedrail,  A(fig.7).fortheouterwheelstomount, 
and  run  on  their  flanges  when  going  round  the 
curve,  the  inner  one  remaining  on  its  tread. 
The  object  is  to  make  the  flange  of  the  outer, 
and  the  tread  of  the  inner  wheel  parts  of  a 
cone,  whose  apex  is  the  centre  of  the  curve. 
This  is  illustrated  in  fig.  7.  The  rail.  A,  is 
therefore  only  used  for  the  outer  curve,  the 
inner  one,  B,  is  like  the  ordinary  straight  sections 
of  Vail. 

These  rails  are  made  by  the  C.  W.  Hunt 
Company  in  20-foot  sections,  riveted  on  steel 
sleepers  (fig.  7),  ready  for  la^dng  down  on  any 
kind  of  floor.  Figs.  8  and  g  illustrate  the 
system  for  outside  flanged  wheels  and  steel 
sleepers  applied  to  any  ordinary  floor,  and  to  one 
of  concrete  respectively.  In  the  first  case  the 
space  between  the  rails  is  filled  with  timber, 
in  the  second  with  concrete,  this  being  laid 
flush  with  the  top  of  the  rails,  the  necessary 
space  for  the  flanges  being  left  in  the  concrete. 
This  flush  style  of  laying  is  much  to  be  preferred 
in  shops,  as  presenting  no  obstructions,  but  for 
the  yard  it  does  not  matter  so  much.  The 
curved  sections  are  made  in  lengths  fastened  to 
sleepers  ready  to  lay  down.  So  are  the  switches, 
which  are  made  with  the  extra  rail  on  the  outer 
curve  to  permit  the  flange  of  the  wheel  to  run 
i:p  instead  of  on  the  tread.  The  points  are 
pushed  by  the  labourer's  foot,  but  switch 
stands  are  supplied  if  preferred.  The  turntables 
run  on  rings  of  hardened  steel  balls. 


Another  style  of  track  is  made  by  this  firm, 
of  cast  iron  wholly,  rails  and  connecting  plates 
being  solidly  cast  in  one.  This  is  cast  in  sections 
fi\'e  feet  long. 

Fig.  10  illustrates  an  excellent  cast  iron  track 
which  is  laid  down  at  the  Lincoln  Engine  Works, 
Chesterfield,  to  the  design  of  Mr.  Clench.  In- 
stead of  using  a  solid  plated  connection,  an  open 
grid  design  is  adopted.  In  this  nothing  stands 
above  the  shop  floor,  the  grooves  for  the  wheel 
flanges  being  sunk  in  the  casting.  The  corruga- 
tions on  the  outer  edges  are  formed  in  order  to 
maintain  the  tracks  firmly  in  the  concrete  in 
which  they  are  embedded,  and  particularly 
to  obviate  endlong  movement. 

WEIGHBRIDGE     PITS. 

Provision  has  to  be  made  in  the  ground  areas 
in  the  lines  of  the  tracks  for  weighing  goods  in 
and  out.  This  should  be  foreseen  in  laying  out 
the  plans,  otherwise  the  weighbridge  pits  may 
run  foul  of  pipes  and  conduits.  Where  material 
comes  into  works,  or  into  a  department  of 
works,  and  where  finished  work  is  sent  out, 
there  a  weighbridge  should  be  fixed.  In  some 
cases,  as,  for  example,  when  the  materials  and 
work  are  light  enough  to  be  carried  by  hand,  or 
tipped  from  a  light  truck,  the  platform  we'ghing 
machines,  either  fixed  or  portable,  are  best. 
These,  however,  are  specially  suitable  for  use  on 
floors,  where  they  divide  favour  with  others 
which  are  sunk  in  flush  with  the  floors.     These, 
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and  the  similar  bigger  machines  that  are  fixed 
outside,  opposite  entrance  gates,  must  be 
located  during  the  progress  of  the  building. 
The  older  weighbridges  were  built  in  brick 
lined  pits.  Cast  iron  framings  are  now  supplied 
ready  to  go  into  place,  saving  time,  and  generally 
at  less  expense  than  brickwork.  These  framings 
are  also  v-ery  handy  when  weighbridges  have  to 
be  let  in  flush  in  warehouse  floors. 

GLASS. 

The  builders  of  some  of  the  old  works  must 
have  imagined  that  the  less  glass  there  is  in  a 
shop  the  better.  It  is  difficult  to  see  anj^  reason 
for  this,  beyond  the  risk  that  glass  runs  of  being 
fractured  by  flying  chips,  stone  throwing,  and 
other  mishaps,  and  mischief.  Actually,  as  much 
glass  ought  to  be  put  into  a  building  as  the 
structural  strength  of  the  design  will  permit, 
and  that  is  a  very  great  deal.  High  walls,  and 
dwarf  windows  are  an  anomaly.  So  are  large 
roofs  with  small  skylights.  A  safe  canon  is  to 
insert  windows  as  high  as  practicable  in  walls, 
and  as  close  together  as  will  permit  of  ample 
constructional  strength  in  the  steel,  or  masonry 
between,  and  to  run  skylights  along  nearly,  or 
quite  the  entire  length  of  the  roof.  In  a  shop 
laid  out  on  such  lines,  there  need  be  no  sacrifice 
of  strength  and  stability,  while  the  interior,  to 
the  remotest  corners,  is  flooded  with  light,  even 
in  winter  time.  The  difference  in  the  bills  for 
artificial  light  in  such  a  shop,  and  in  one  scantily 
supplied  with  windows,  will  be  enormous  for 
the  year. 

Sometimes  enough  is  not  made  of  end  walls, 
where  the  main  entrance  door,  or  doors,  ^are 
placed.  Tall  windows  flanking  the  doors,  and 
shallow  windows  above  are  always  practicable 
in  tall  shops  of  even  moderate  span.  The 
gabled  ends  of  a  row  of  such  buildings  have  also 
a  harmonious  and  pleasing  appearance  as  a 
works  frontage. 

The  sash  frames  for  the  roof  lights,  as  well  as 
those  in  the  walls,  are  often  made  of  cast  iron. 
There  is  nothing  to  be  said  against  these,  if 
they  are  designed  properly  ;  that  is,  if  they  are  so 
proportioned  as  to  shrink  equally  in  cooling  ; 
and  when  in  place  they  seldom  fracture.  Timber 
can  be  used  if  preferred,  but  as  the  dimensions 
required  in  factories  are  not  stock  sizes,  they 
involve     expensive     joinery.     Perhaps     timber 


looks  better  than  iron,  and  certainly  it  admits 
of  prettier  designs  with  larger  variations  in  the 
cross  sections  of  frames  and  bars,  with  heavy 
and  light  mouldings  adjacent,  than  iron  does. 
For  this  reason  it  may  be  preferred  for  the  end, 
or  side  windows  of  large  dimensions  in  walls. 
But  nothing  of  the  kind  is  required  in  roof 
lights.  Here  plain  sash  bars  and  frames  are 
used.  These  may  be  made  of  timber.  But 
timber  and  cast  iron  are  being  run  closely  by 
wrought  steel  frames,  and  sash  bar^.  These 
are  made  in  all  conceivable  sections  and 
designs.  They  harmonise  well  with  the  steel 
built  shop,  they  are  light,  are  unaffected  by 
weather,  and  are  not  liable  to  fracture. 

The  glass  in  factory  buildings  is  specially 
liable  to  fracture,  and  the  renewal  of  broken 
glass  becomes  a  big  item  in  large  works. 
Covering  it  with  wire  netting  is  only  a  partial 
protection,  besides  interfering  with  the  periodical 
cleaning  of  the  glass.  There  is  a  glass  made  with 
wire  insertion  (fig.  ii),  which-  lessens  the  risk 
of  fracture,  and  also  increases  the  light  in  a 
shop  by  the  refractions  from  the  prismatic 
edges  (see  the  section,  fig.  12),  which  face 
inside  the  building,  with  the  nearly  horizontal 
edge  upwards.  There  are  two  kinds,  one  without 
wire,  the  other  wired,  the  latter  preventing  the 
glass  from  falling  in  case  of  fracture.  The  price 
is  rather  high,  but  the  advantages  are  obvious 
and  great.  The  Westinghouse  works  are  glazed 
with  this  refrax  glass. 

Direct  sunlight  is  bad  in  offices,  and  when 
unavoidable,  bhnds  must  be  requisitioned.  This 
difficulty  can  be  got  over  in  another  way  by  the 
use  of  ribbed  glass.  This,  of  course,  shuts  out 
the  view  from  the  windows,  but  the  objection 
may  sometimes  have  compensations. 

In  the  artificial  lighting  of  shops  which  have 
ceilings,  and  of  drawing  offices,  the  inverted 
type  of  arc  lamp  is  to  be  preferred  to  direct 
light.  If  the  ceiling  is  painted  white  with  a 
faint  tinge  of  green,  a  soft  diffused  light  is 
thrown  down  on  the  shops,  and  shadows  are 
practically  absent. 

THE     NEW     MELDRUM     WORKS. 

In  concluding  this  article,  we  have  to  go  back 
a  little  to  the  subject  that  was  discussed  in 
the  third  article  of  this  series— the  ground  plans 
of  shops.     We  should  have  included  a  notice  of 
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the  new  Manchester  shops  there,  but  the  firm 
were  not  prepared  at  the  moment  to  supply  the 
plan,  which  is  now  given  in  fig.  13. 

The  old  shops  of  Messrs.  Meldrum  Bros., 
Ltd.,  in  Manchester,  occupied  the  various  floors 
of  a  most  awkwardly  shaped  storied  building, 
in  the  basement  of  which  one  of  the  present 
partners  commenced  the  experimental  work 
whence  the  furnace  business  has  grown  to  such 
a  phenomenal  extent.  About  two  years  ago 
the  firm  realised  the  absolute  impossibility  of 
continuing  in  that  location,  hemmed  in  by 
streets  and  warehouses,  and  with  no  facilities 
for  making  castings,  and  they  bought  a  piece  of 
ground  at  Timperley,  eight  miles  away,  in 
nearly  open  country,  and  about  a  mile  and  a  half 
from  Broadheath.  The  area  is  well  served  by 
the  canal,  and  railway,  but  the  ground  is  divided 
into  three  portions  by  railway  arches  and  a 
roadway,  the  latter,  not  shown,  being  at  the 
left  hand  of  the  figure,  and  beyond  it  there  is  also 
a  strip  of  land,  not  shown,  available  for  future 
extensions.  In  some  respects  it  would  have 
been  well  if  a  continuous  rectangular  strip 
of  ground  had  been  available,  but  the  proximity 
of  railways  and  the  canal  was  a  great  counter- 
balancing advantage.  Under  the  circum- 
stances a  separation  of  the  machine  shops,  etc., 
from  the  foundry  was  unavoidable,  but  com- 
munication is  made  through  the  arches  of  the 
Cheshire  lines.  Another  advantage  lies  in  the 
large  yard  area  surrounding  the  shops, 
available  for  storage,  and  for  extensions. 
The  offices  are  at  one  end,  facing  the  Tim- 
perley station.  These  are  three  stories  high, 
and  they  include  the  drawing  offices.  The 
plan     arrangements      were     adopted     as     the 


result  of  the  lengthy  consideration  of  alter- 
native designs. 

Some  features  of  these  works  may  be  noticed 
later.  For  the  present  it  is  enough  to  state  the 
following  facts.  The  new  shops  will  be 
thoroughlv  up  to  date  in  all  respects.  Standard 
and  narrow  gauge  tracks  will  traverse  yard  and 
shops,  the  sidings  connecting  to  the  Manchester, 
South  Junction  and  Altrincham  Railway,  while 
the  Bridgwater  Canal  serves  the  other  side  of  the 
works.  The  shops  are  built  on  the  one  floor 
system.  Electricity  supplies  both  light  and 
power.  The  machines  are  arranged  in  groups, 
each  group  having  its  own  motor,  in  standard 
12  b.h.p.  sizes,  capable  of  taking  25  per  cent, 
.overload.  The  difficulty  due  to  the  inter- 
ference of  line  shafts  with  travellers  is  got  over 
by  fixing  the  line  shafting  about  eight  feet 
above  the  floor,  thence  driving  upwards  to  the 
countershafts,  which  have  their  bearings  on  the 
crane  girders.  The  crossing  of  the  bays  by 
belts  is  thus  avoided. 

The  power-house  has  two  Cornish  boilers, 
28  ft.  by  6  ft.  6  in.,  with  3-ft.  3-in.  flues,  working 
at  160  lb.  Alley  and  Maclellan  enclosed  engines 
are  direct  coupled  to  the  dynamos.  The  foundry 
which  is  not  yet  completed,  will  have  heavy 
and  light  departments.  It  will  do  a  considerable 
amount  of  plate  moulding,  and  will  include  a 
chemical  laboratory. 

The  water  supply  of  the  works  is  obtained 
from  two  tube  wells,  the  location  and  yield 
of  which,  it  is  interesting  to  note,  were  deter- 
mined by  the  divining  rod.  It  is  pumped  into 
a  storage  tank  60  ft.  above  the  ground,  whence 
it  is  conveyed  by  a  sj'stem  of  underground  piping 
all  over  the  works. 


By  our  Johannesburg  Correspondent. 

Deals  with  the  location  and  scope  of  the  railway  extensions  approved  at  the  Johannesburg 
Conference,  and  shows  what  is  considered  necessary  to  link  up  the  various  centres  of  production  in 
the  new  colonies. — Ed. 


OXE  of  the  first  duties  to  be  undertaken  in  South 
Africa  upon  the  conclusion  of  hostilities  has  been 
the  reorganisation  and  extension  of  the  railways.  The 
recent  conference  on  the  subject  held  at  Johannesburg, 
■was  attended  by  delegates  representing  the  most  im- 
portant commercial,  agricultural,  and  industrial  interests 
of  the  Transvaal  and  Orange  River  Colony,  and  by 
representatives  of  the  two  Governments.  As  announce<l 
in  a  previous  issue  of  Page's  Mag.^zine,  the  immediate 
construction  of  no  less  than  seven  new  lines  was 
approved. 

In  his  opening  speech  to  the  Conference,  Lord  Milner 
explained  that  henceforth  the  railways  of  the  two 
colonies  will  be  run  as  one  system,  under  one  manage- 
ment, and  with  a  common  revenue  and  expenditure. 
Any  net  profit,  after  full  provision  has  been  allowed  for 
maintenance  and  betterment,  will  be  applied  in  the  first 
instance,  to  meet  any  common  expenses  of  the  two 
colonies,  and  any  further  surplus  that  may  remain  will 
then  be  divided  between  the  separate  exchequers. 

There  is  no  doubt  that  this  arrangement  will  make 
for  efficiency  in  working  the  lines,  and  it  will  also 
remove  some  causes  of  political  irritation,  which  has 
often  resulted  in  South  Africa  from  the  perhaps  natural 
desire  of  some  of  the  colonies  to  considerably  increase 
their  revenue  by  heavy  freight  charges  on  gootls  passing 
through  their  territory. 

FUNDS     AVAILABLE     FOR     EXTENSION. 

Out  of  the  guaranteed  joint  loan  of /jj.ooij.ooo  to  the 
the  new  colonies,  it  has  been  decided,  subject  to  the 
approval  of  the  Imperial  Parliament,  that  a  sum  of  at 
least  ;^5, 000,000  is  to  be  set  apart  for  railway  extension. 
Lord  Milner  also  stated  that  at  the  present  time,  twice 
this  amount  could  be  advantageously  spent  in  thoroughly 
sound  schemes  of  extension.  Therefore,  the  conference 
had  to  consider  in  the  first  place,   winch  of  the  many 


proposals  should  be  immediately  taken  in  hand  b\-  the 
railway  management  ;  and,  secondly,  whether  private 
enterprise  should  be  encouraged  in  the  construction  of 
other  lines,  and,  if  so,  under  what  conditions.  This 
latter  proposal  has  been  approved,  and  if  sufiEicient 
inducement  is  offered  for  the  investment  of  private, 
capital  in  this  direction,  it  may  be  reasonably  expected 
that  at  least  ;/|io, 000,000  altogether  will  be  expended 
in  new  lines  and  rolling  stock  in  the  course  of  the  next 
two  or  three  years. 

IMPROVEMENT    OF     MAIN     LINES. 

Before  the  war  the  main  lines  from  Cape  Colony, 
Natal,  and  Delagoa  Bay  carried  60,000  tons  of  goods 
per  month  into  the  Transvaal  and  the  Orange  Free 
State.  At  the  present  time,  with  some  difficulty,  the 
same  lines  are  carrying  over  100,000  tons  per  month, 
and  it  is  confidently  expected  that  this  amount  of 
traffic  will  be  exceeded  in  the  near  future. 

Sir  Percy  Girouard,  the  Commissioner  of  Railways 
stated  that  the  maximum  carrying  capacity  of  a  single 
line  is  attained  when  the  crossing  places  are  four  miles 
apart,  and  that  he  proposed  to  bring  the  main  line 
through  the  Orange  River  Colony  up  to  this  standard, 
and  also  to  relay  the  whole  of  it  with  80  lb.  rails.  With 
this  improvement,  and  the  use  of  125-ton  locomotives 
for  the  portion  south  of  Bloemfontein,  where  the  grades 
are  i  in  80.  he  considers  that  this  line  will  meet  any 
demands  made  upon  it. 

To  ease  the  traffic  on  the  present  line  from  Natal 
through  N'olksrust.  he  proposed  to  provide  an  alternative 
route  with  much  easier  grades,  by  connecting  Harri- 
smith  with  Viljoen's  Drift  by  a  line  along  the  Wilge 
River.  This  proposal  was  approved  by  the  Conference. 
The  eastern  hne  from  Delagoa  Bay  also  requires  relief, 
because  befNeen  Mid(lltl)urg  anil  Pretoria  65,000  tons 
monthly   of   local    traflic   is   picked    up.     Tliis  consists 
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Existing  lines  outside  the  New  Colonies         

Existing  lines  in  Transvaal  and  Orange  River  Colony       

Lines  selected  by  Conference  for  immediate  construction  with  available  funds 

Proposed  lines  urgently  required  and  open  to  private  enterprise 

Other  important  lines  which  may  be  constructed  by  private  enterprise 

Boundaries  of  Colonies 


>  oc^°  **  ooooooc 


chiefly  of  coal  for  the  Rand  mines,  and  is  Hktiy  to 
increase  very  considerablj'.  The  Commissioner  pro- 
poses to  give  this  relief  by  the  construction  of  a  new 
line  from  Springs  to  Ermelo,  where  it  will  connect  to  a 
private  company's  line  which  extends  to  Machadodorp 
on  the  main  line  from  Delagoa  Bay.  This  would  form 
a  loop  line,  presumably,  for  the  through  traf&c,  and 
thus  leave  the  existing  line  chiefly  for  local  transports 


This  proposal  has  been  approved  by  the  Conference, 
subject  to  the  completion  of  a  satisfactory  arrangement 
with  the  private  company  above  mentioned.^ 

The  construction  of  the  new  line  from  Harrismith  to 
Viljoen's  Drift  will  bring  part  of  the  Natal  traf&c  into 
the  existing  main  line  from  the  Cape  ports  to  Pretoria 
and  Johannesburg  at  Yereeniging,  and  to  avoid  the  con- 
gestion which  would  ensue  it  has  been  therefore  decided 


The  New  South  Africa  and  the  Railway  Problem. 


to  build  a  new  line  from  Vereeniging  direct  to  Johannes- 
burg, with  a  goods  station  on  the  West  of  the  Rand,  and 
sidings  for  delivery  of  coal  on  the  mines. 

INTERNAL     LINES. 

Of  these,  perhaps  the  most  important  is  the  so-called 
"  Grain  line,"  the  signilicance  of  which  is  expressed 
in  the  words  of  the  following  resolution  :  "  That  this 
Conference  accepts  the  principle  that  a  railway  from 
Bloemfontein  via  Modderpoort,  Ficksburg,  and  Beth- 
lehem, to  a  point  on  the  proposed  Wilge  River  Line, 
in  the  neighbourhood  of  Harrismith,  is  necessary  for 
the  development  of  the  eastern  districts  of  the  Orange 
River  Colon}',  and  approves  the  completion  of  the  rail- 
ways from  Bloemfontein  to  Modderpoort  and  Harri- 
smith to  Bethlehem  .  .  ."  It  will  be  seen  from  the 
accompanying  map  that  this  resolution  only  provides 
for  the  immediate  construction  of  the  two  ends  of  the 
proposed  raihvav,  but  it  is  also  to  be  noted  that  the  one 
portion  connects  this  grain  district  with  Bloemfontein, 
and  the  other  portion  with  Johannesburg,  thereby 
opening  up  the  tw-o  principal  markets  for  food  stuffs. 
Thus  the  agricultural  as  well  as  the  mining  interests 
have  received  consideration. 

A  number  of  other  internal  lines  were  considered,  but, 
owing  to  the  hmitation  of  available  funds,  only  three 
of  these  could  be  adopted,  as  given  in  the  tabulated 
summary  below  : — 

Summary  of  Lines  approved  for  Immediate 
coxstructiox. 


Cost  per 

mile 
including 

£i  ooo 

for  rolling 

stojk. 


Estimated 
total  cost. 


Springs  to  Junction  on 

£ 

£ 

Ermelo-Machadodorp 

private  line 

137 

6,840 

937,000 

Viljoen's  Drift  to  Mile 

10     on      Harrismith- 

Bethlehem  line 

175 

7,600 

1,330,000 

Vereeniging-Johannes- 

burg  and  Hand  Coal 

line      

88 

8,400 

740,000 

Bloemfontein-Johannes- 

burg  Grain  line — 

(<i)  Bloemfontein -Mod- 

derpoort      

H4 

6,500 

546,000 

(/;)  Harrismith  -  Bethle- 

hem  

65 

6,300 

410,000 

Pretoria    or     Krugers- 

dorp    to    Rustenburg 

(sum  allocated) 

50(T,000 

Klcrksdorp  -  Kr<jonstad 

69 

6,500 

448,000 

Springfontein  -  Jagers- 

fontein 

50 

5,000 

250,000 

;(."5,i6i,ooo 


SCOPE     FOR     PRIVATE     ENTERPRISE. 

Although  the  above  list  j^ruvides  for  the  expenditure 
of  all  the  available  public  money,  it  by  no  means 
exhausts  the  possibility  of  profitable  extension,  and 
the  Conference  stated  that  the  following  lines  are  also 
urgently  recjuired. 

8.  Klerksdorp  to  Fourteen  Streams,  thereby  con- 
necting with  the  Bechuanaland  line  at  Kimberley. 

ga.  Line  connecting  Delagoa  Bay  line  with  Lyden- 
burg,  or 

gb.  Line  connecting  Delagoa  Bay  with  Pilgrim's 
Rest. 

10.  Extension  of  Rustenburg  line  through  the  Marico 
district. 

11.  Line  from  Modderpoort  to  Bethlehem,  thereby 
completing  the  "  Grain  line  "  above  mentioned. 

12a.  Extension  of  Jagersfontein  Hne  to  Kimberley,  or 
12b.  As  an  alternative,  a  line  from  Bloemfontein  to 
Kimberley. 

Only  the  want  of  Government  funds  prevents  the 
immediate  construction  of  the  above  hnes,  and  the 
Conference  has  recommended  that  "  every  effort  should 
be  made  to  obtain  the  construction  of  these  lines  by 
private  enterprise" 

OTHER     IMPORTANT     PROPOSALS. 

The  following  third  list  of  proposed  lines  was  also 
drawn  up  by  the  Conference,  as  being  of  great  im- 
portance to  their  respective  districts,  with  the  recom- 
mendation that  endeavours  should  be  made  to  obtain 
suitable  offers  for  their  construction  by  private  enter- 
prise : — 

13.  Sannah's  Post  to  Wepener. 

14.  Maseru  to  Langerwacht,  via  Lenmo  River  Mills. 
1 5rt.   Ermelo  to  Standerton,  or  alternatively. 

1 56.   Ermelo  to  \'olksrust. 

16.  A  line  connecting  the  Murchison  Gt^ldlields  with 
one  of  the  existing  lines. 

CONDITIONS     FOR     PRIVATE     CONSTRUCTION. 

In  order  that  the  Government  might  not  be  hampered 
in  dealing  with  offers  for  railway  construction,  the  Con- 
ference did  not  attempt  to  lay  down  any  hard  and  fast 
conditions,  but  merely  recommended  the  observance 
of  the  following  general  principles  : — 

1.  Right  of  Government  to  expropriate. 

2.  Government  control  of  tariffs. 

3.  Government  control  of  construction  cost. 

4.  Profit  to  contractors  to  be  determined  without 
regard  to  share  capital,  and,  as  far  as  possible,  eitlier  in 
relation  to  profit  earned  on  working  "r  i^  ..  hv.d  n.r- 
centage  on  outlay, 


BY 

EDGAR    SMART,  A.M.I.C.E. 

It  is  claimed  that  the  problem  of  automatic  wet  sampling  has  been  satisfactorily  solved  by  a 
new  sampler,  invented  by  Mr.  J.  Higham,  the  Cyanide  Manager  of  the  City  and  Suburban  Company 
of  Johannesburg.     This  is  now  described  at  length,  and  is  illustrated  with  special  drawings.— Ed. 


'"P'HE  common  practice  of  hand  samipling 
'■■  the  pul]:)  from  wet  crushing  mills  bj^ 
catching  the  whole  flow  in  a  dish  for  a  few 
seconds  at  regular  intervals,  gives  very  accurate 
results  if  the  intervals  are  short  and  the  sampling 
is  continued  for  a  sufficiently  long  period,  but 
it  is  a  very  tedious  process,  and  wastes  a  lot  of 
the  operator's  time.  Therefore,  many  devices 
have  been  introduced  from  time  to  time  for 
doing  this  work  automatically.  Figs,  i  and  2 
illustrate  diagrammatically  the  general  prin-  f^ 
ciple  upon  which  such  automatic  sam])lers  have 
usually  been  constructed,  although,  of  course, 
there  has  been  much  variation  in  detail.  A 
water  cistern,  a,  pivoted  at  b,  is  attached  by 
rod,  c,  to  the  upper  end  of  a  lever  frame,  d, 
which  can  turn  on  the  pin,  e.  At  the  lower  end 
of  this  lever  is  a  pipe.  /,  having  a  longitudinal 
slot,  g.  A  balance  weight,  h,  hangs  on  cord,  i, 
which  ]:)asses  over  the  pulley,  k,  and  is  attached 
to  the  top  of  the  lever  frame,  d,  at  point  o  in 
fig.  2.  The  pulp  which  is  to  be  sam])led  flows 
along  the  launder,  /,  in  the  direction  of  the 
arrow,  and  falls  over  the  end  of  it,  as  shown  at  />. 
The  action  of  the  apparatus  is  as  follows  : — 

Water  is  supplied  by  the  small  pipe,  m,  so  that 
the  cistern  slowly  fills  until  it  is  sufficiently 
heavy  to  overbalance  the  weight,  //.  It  then 
falls  over  and  brings  all  the  moving  parts  of  the 


apparatus  with  it  into  the  positions  indicated  by 
the  dotted  lines  in  fig.  i.  It  will  thus  be  seen 
that    the    slotted    pipe,    /,    passes    completely 
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through  the  faUing  stream  of  pulj^  some  of 
which  enters  the  slot,  and  is  discharged  from  the 
end  of  pipe,  /,  into  the  sample  receiver,  n. 
The  water  runs  out  of  the  cistern,  and  the 
counterweight  then  brings  the  pipe  back  again 


through  the  pulp  to  its  normal  position,  and 
the  whole  cycle  of  operations  is  continuously 
and  automatically  repeated.  It  will  be  seen 
that  ths  quantity  of  pulp  collected  in  the  sample 
receiv^ar,  «,  in  a  given  time  depends  upon  the 
rate  at  which  the  cistern  is  allowed  to  fill,  and 
may  be  regulated  by  altering  the  water  supply 
by  a  cock  on  the  pipe,  m. 

OBJECTIONS. 

The  lowest  la^'er  of  pulp  flowing  in  a  launder 
is  very  likely  to  be  of  different  value  to  that  of 
the  upper  layers,  and  in  the  great  majority  of 
cases  the  lower  part  is  richer  in  gold  contents, 
and  contains  a  more  than  average  quantity  of 
coarse  sand  and  pyrites.  Therefore,  when,  as 
in  the  apparatus  described,  the  slotted  pipe  cuts 


through  the  \m\\)  in  a  direction  j^arallel  to  a 
vertical  plane,  unless  the  motion  be  absolutely 
uniform  the  sample  will  be  imperfect,  because 
the  pipe  will  catch  more  of  one  layer  than  of 
another.  Of  course,  the  motion  of  the  falling 
cistern  or  coimterweight  is  not  theoretically 
uniform,  but  this  error  is  partly  compensated, 
because  it  is  in  the  opposite  direction  on  the 
return  stroke,  and  m  any  case  it  is  probably 
not  of  great  importance.  Another  objection 
urged  against  this  type  of  sampler  is  that  there 
is  a  pause  in  the  motion  of  the  pipe  when  it  is 
passing  through  the  stream,  due  to  the  resistance 
of  the  liquid.  Such  a  pause,  whether  it  occurs 
near  the  edge  or  at  the  centre  of  the  stream  is 
fatal  to  accurate  sampling. 

A  little  consideration  will  show  that  ail  these 
difticulties  are  obviated  by  taking  a  cut  hori- 
zontally across  the  stream  at  a  wiiform  speed, 
and  at  equal  intervals  of  time  with  a  vertically 
slotted  pipe,  the  slot  being  long  enough  to  take 
in  the  whole  depth  of  the  pulp.  The  shorter 
the  interval  is,  the  more  perfectly  will  the  sample 
represent  the  whole  bulk  of  the  material  from 
which  it  is  taken. 

THE     NEW    SAMPLER. 

Mr.  J.  Higham,  the  cyanide  manager  of  the 
City  and  Suburban  Company  of  Johannesburg, 
has  realised  these  essential  principles,  and  applied 
them  in  such  a  neat  and  effective  manner  that 
the  writer  has  no  hesitation  in  saying  that  the 
problem  of  automatic  wet  sampling  has  now 
been  satisfactorily  solved,  both  theoreticall\- 
and  practically,  although,  of  course,  there  may 
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stiirbe  room  for  further  modification  in  the 
details.  This  machine  is  ilkistrated  in  figs.  3 
to  7,  for  which  the  author  is  indebted  to  the 
courtesy  of  Mr.  Jolm  Kelly,  consulting  engineer, 
of  Johannesburg. 


F^.y. 


DESCRIPTION     OF     DRAWINGS. 

The  }iul})  horn  the  mill  is  tlelixercd  by  the 
launder  a,  from  the  end  of  which  it  shoots  over 
into  the  lower  launder,  h,  as  indicated  in  fig.  3. 
The  principal,  and,  indeed,  essential  feature 
of  the  apparatus  is  the  curved  pipe,  c,  which  is 
slotted  vertically  from  (/  to  c,  and  travels  slowly 


to  and  fro  across  the  full  width  of  the  falling 
stream,  so  that  a  small  portion  of  the  pulp  is 
continuously  entering  the  slot,  and  is  discharged 
from  the  lower  end,  /,  of  the  curved  pipe.  It 
follows,  therefore,  that  the  whole  stream  is 
being  constantly  and  uniformly  sampled.  Fig.  7, 
which  is  drawm  to  a  larger  scale  than  the 
other  figures,  is  a  section  through  this  slotted 
pipe,  c  ;  it  shows  the  shape  of  the  slot,  and  also 
the  removable  piece,  c,  called  the  sample  cutter, 
which  is  made  of  hard  steel,  and  fits  easily  into 
the  pipe.  When  worn  at  the  edges  by  the  action 
of  the  quartz  particles,  this  cutter  can  be  readily 
replaced  by  a  spare  one.  and  can  be  reground 
for  use  again,  so  that  a  slot  with  clean  sharp 
edges  is  alwa^'s  presented  towards  the  stream  of 

pul]). 

BULK    OF    SAMPLE. 

Tlie  bulk  of  the  collected  sample,  or,  in  other 
words,  the  relation  between  the  quantity-  re- 
ceived by  the  pipe  and  the  quantity  which  passes 
outside  it.  evidently  depends  upon  the  relative 
widths  of  the  slot,  and  of  the  launder,  a,  and  is 
independent  of  the  sjieed  at  which  the  ]>ipe 
moves.  In  the  drawings  the  slot  is  g  in.  wide, 
while  the  launder  is  2  ft.  in  width,  therefore 
the  sampler  will  take  one  ton  from  each  192 
tons  delivered  1)\-  the  launder,  or  allowing  for  the 
slight  extra  travel  of  the  pipe  beyond  the  stream 
at  the  end  of  each  stroke,  say  one  ton  from  each 
200  tons,  or  exactly  half  per  cent.  The  extra 
tra\'el  is  required,  because  the  pipe  must  be 
outside  the  pulp  during  the  inevitable  pause 
which  occurs  while  the  motion  is  being  reversed. 
If  that  })ause  occurred  in  the  stream,  a  larger 
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quantity  would  be  taken  from  the  edges  than 
from  the  centre,  and  the  sampling  thereby 
rendered  imperfect. 

In  most  cases  such  a  large  sample  as  half  per 
cent,  of  the  total  output  is  not  desirable,  and 
there  are  various  ways  in  which  it  may  be 
reduced.  For  instance,  this  may  be  done  by 
widening  the  launder,  a,  or  by  increasing  the 
travel  of  the  sample  cutter  considerably  beyond 
the  launder  on  each  side,  so  that  it  is  passing 
through  the  pulp  for  only  a  fraction  of  its  total 
journey,  in  which  case  the  sampling  is  inter- 
mittent instead  of  being  practically  continuous. 
There  are  evident  practical  limits  to  either  of 
these  modifications,  and  no  very  considerable 
reduction  in  the  bulk  of  the  sample  can  be  con- 
veniently effected  thereby.  The  simplest  and 
best  way  to  obtain  a  very  small  sample  is  to 
adopt  the  method  commonly  used  in  sampling 
dry  crushed  ore,  namely,  to  pass  the  collected 
product  of  the  first  sampler  through  a  second 
one  of  the  same  kind.  Suppose,  for  example, 
that  for  the  pulp  from  a  hundred  stamp  mill,  say 
five  hundred  tons  per  day,  two  of  the  machines 
illustrated  are  used  in  succession,  then  the 
final  sample  from  the  second  machine  is  only 
28  lb.,  and  this  quantity  will  still  represent 
with  the  greatest  attainable  accuracy  the  texture 
and  value  of  the  whole  of  the  mill  product.  It 
may  be  remarked  in  passing  that  for  many 
purposes,  such  as  grachng  tests,  the  mechanical 
texture  of  the  sample  is  just  as  imjiortant  as  its 
value. 

MECHANICAL     DETAILS. 

Having  now  discussed  the  principles  upon 
which  the  apparatus  is  designed,  it  only  remains 
to  consider  the  mechanical  details  in  which  the 
idea  has  been  embodied.  The  pipe,  c,  carries  a 
nut,  q,  which  is  threaded  on  the  long  rotating 
screw,  h.  The  shaft,  i,  is  driven  in  any  suitable 
manner  at  a  uniform  speed,  and  its  motion  is 


transferred  to  shalt.  A',  by  the  mitre  wheels, 
/;;/.  Two  other  mitre  wheels,  no,  running 
loosely  on  the  shaft,  k,  are  always  in  gear  with  a 
wheel,  p,  attached  to  the  screw,  //,  which  latter 
can  therefore  be  rotated  in  either  direction  by 
throwing  either  n  or  0  into  gear  with  shaft,  k, 
by  means  of  the  double  faced  clutch  block,  q, 
and  this  clutch  is  operated  in  the  following 
manner :  a  horizontal  striking  rod.  ,s.  has  two 
adjustable  stops,  t  t,  one  of  which  is  struck  by 
a  lug,  u,  projecting  from  the  sampling  pipe,  c, 
when  the  latter  reaches  the  end  of  its  stroke, 
in  either  direction.  The  movement  thus  im- 
parted to  the  rod,  s,  is  transferred  to  the  uj)right 
lever,  x,  bv  the  forked  end,  n',  of  the  bell  crank 
lever,  v.  This  upright  lever  operates  the  double 
clutch,  q.  It  has  at  the  top  a  slot,  y.  containing  a 
roller,  z,  so  that  when  the  lever  is  slightly 
inclined  in  either  direction,  the  roller  naturally 
runs  downwards  along  the  slot,  and  by  its 
impetus  ensures  the  completion  of  the  throw  of 
the  lever  and  the  proper  engagement  of  the 
clutch  and  mitre  wheel.  In  this  way  the  two 
mitre  wheels,  n  and  0,  are  alternately  brought 
into  gear  with  the  shaft,  k,  and  the  reciprocating 
motion  of  the  cutter  is  continually  main- 
tained. 

A  fence  plate,  ;',  is  ])rovided  on  the  curved 
]Mpe,  c,  immediately  below  the  slot,  to  prevent 
any  of  the  pulj)  which  strikes  the  outside  of 
the  pipe  from  dribbling  down  to  the  t-nd.  /, 
and  so  becoming  mixed  with  the  sanij'l<  . 

In  the  machine  which  has  now  been  workuig 
for  many  months  at  the  Cit\-  and  Suburban 
mill,  the  shaft,  i,  is  driven  by  an  electric  motor, 
but  in  some  cases  it  may  be  found  practicable  to 
drive  it  from  a  small  water-wheel  operated  by 
the  i^ulp  itself,  either  before  or  after  it  has 
passed  the  samjiler.  In  other  cases  the  m.achinc 
can  be  conveniently  driven  by  suitable  gearing 
from  the  l)atter\'  shaft. 
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A  Paper  on    new  forms  of  Arc    and   Incandescent    Lamps    considered    in   relation   to 
their    possible  future   development. — Ed. 


E  are  most  of  us  con- 
versant by  this  time 
with  the  generally 
accepted  principles 
of  the  arc  and  in- 
candescent systems 
of  electric  lighting, 
and  ev-en,  of  late, 
with  the  Nernst 
Lamp,  which  is 
rapidly  working  its 
way  into  public  favour.  There  are,  however, 
several  other  types  of  lamp,  involving  the  con- 
sumption of  electrical  energy  to  actuate  them, 
of  which  we  have  heard  from  time  to  time,  but 
only  in  a  vague  manner,  conveying  but  little 
information  as  to  their  general  construction  and 
mode  of  operation. 

THE    COOPER-HEWITT    MERCURY    VAPOUR    LAMP 

The  Cooper-Hewitt  Mercury  Vapour  Lamp, 
which  created  such  a  furore  at  the  1901  Con- 
versazione of  the  American  Institute  of  Electrical 
Engineers,  where  it  was  exhibited  for  the  first 
time  in  an  experimental  stage,  depends  in 
principle  on  the  incandescence  of  a  column  of 
mercury  vapour  by  an  electric  current,  com- 
municated to  the  column  by  suitable  electrodes.* 

In  1892,  L.  Arons,  of  Berlin,  described  a  dis- 
covery he  had  made  in  connection  with  some 
experiments  in  gaseousconduction.  His  apparatus 
consisted  of  an  inverted  U-tube,  AB  (fig.  i), 
with  long  and  short  limbs,  A  and  B  respectively. 


*  Sec  also  "  The  Cooper-Hewitt  Mercury  Vapour  Lamp 
and  Static  Converter.'" — Page's  Magazine,  P\-bruary,  1903. 


The  extremity  of  B  was  closed,  and  provided  with 
an  electrode  sealed  into  the  glass,  whilst  that  of 
A  was  open  and  communicated  by  a  rubber  tube, 
R,  with  the  mercury  reservoir,  Hg,  into  which 
dipped  a  second  electrode.  The  two  electrodes 
were  connected  with  a  suitable  current  generator, 
D,  through  a  regulating  resistance  (not  shown 
in  the  fig.)  To  start  the  action  the  current  was 
turned  on,  and  the  tube  having  been  previously 
exhausted  of  air  by  means  of  a  pump  connected 
at  P,  was  filled  with  mercury  by  raising  the 
reservoir,  Hg,  so  that  the  metal  flowed  over 
the  bend  into  the  shorter  limb,  B,  and  conse- 
quently into  contact  with  the  electrode  embedded 
therein.  The  reservoir  was  then  again  lowered, 
and  on  the  separation  of  the  two  columns  of 
mercur}^  at  the  bend,  a  brilliant  electrical  dis- 
charge, with  a  greenish  hue,  resulted. 

ELECTRIC    LIGHTING. 

Following  this  discovery,  the  value  of  which 
was  not  appreciated  by  Arons  at  the  time,  came 
Mr.  Peter  Cooper-Hewitt's  invention,  which  is 
very  similar  in  princi})le,  but  does  not  require 
the  primary  establishment  of  a  complete  metallic 
circuit  to  start  its  action.  The  Cooper-Hewitt 
Vapour  Lamp,  in  a  form  embodying  the  salient 
features  of  his  most  important  discoveries  in 
this  field,  is  represented  in  diagram  by  fig.  2, 
where  T  :s  a  vertical  glass  tube,  of  |  in.  internal 
diameter,  and  some  54  in.  in  length.  This 
tube  is  exhausted  of  air,  and  its  lower  end  con- 
tracted and  closed  as  shown  ;  a  small  quantity 
of  mercury,  Hg,  being  introduced,  which  con- 
stitutes the  negative  electrode  of  the  lamp,  and 
is  connected  with  the  exterior  by  a  platinum 
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wire  sealed  into  the  glass.  Fitting  closely  inside 
the  lower  end  of  the  tube,  and  surrounding  the 
upper  layers  of  mercury,  is  a  porcelain  cylinder.  P, 
which  acts  as  a  species  of  conducting  funnel  for 


FIG.    I. 

the  vapour,  and,  by  virtue  of  its  small  bore,  con- 
centrates it  about  one  point  on  the  surface  of 
the  mercury,  thus  preventing  flickering  of  the 
light  which  would  otherwise  occur.  F  is  a 
narrow  band  of  tin  foil,  attached  to  the  exterior 
of  the  tube  at  a  point  on  a  level  with  the  surface 
o'  the  mercury,  and  electrically  connected  with 
the  positive  terminal.  Its  function  is  to  aid  in 
starting  the  action  of  the  lamp,  by  partially 
equalising  the  electrostatic  condition  of  the  tube 
at  these  two  points ;  if  the  foil,  F,  be  absent,  the 
lamp  is  difficult  to  start,  and,  at  best,  requires 
the  application  of  an  'nitial  voltage  far  above 
the  normal  working  pressure.  The  upper  ex- 
tremity of  the  tube,  T,  is  expanded  into  a  bulb.  A, 
as  shown  ;  this  latter  acts  as  a  radiating  chamber 
and  dissipates  any  excessive  heat  resulting  from 
the  action  of  the  lamp,  which,  if  not  eliminated, 
tends  to  increase  the  electrical  resistance  of  the 
vapour  column  and  ultimately  to  extinguish  the 
lamp.  The  chamber,  A.  need  not  necessarily 
surround  the  upper  positive  electrode,  B,  but 
may  be  located  anywhere  on  the  tube,  provided 
it  be  out  of  the  direct  path  of  the  luminous 
column.  The  positive  electrode,  B,  consists  of  a 
small  cylinder  of  pure  iron,  supported  by,  and 
electrically  connected  to  a  platinum  wire,  which 
also  is  fused  through  the  glass,  and  serves  (or 
exterior  connection  to  the  source  of  current. 
At  an  electromotive  force  of  120  volts,  this 
lamp  takes  a  current  of  some  four  amperes,  at 
a  normal  surrounding  temperature  of  75  deg.  F. 
The  efficiency  of  such  lamps  is  extremely  high 
compared  with  other  incandescent  lamps,  vary- 
ing from  0-3  to  0-6  watts  per  c.p.     The    main 


drawbacks  to  their  adoption  on  a  f  ommercial 
scale  are  :  (a)  The  inconvenient  form  of  con- 
struction, even  when  modified  and  made  up 
with  curved  and  S-shaped  bends,  (b)  The 
colour  of  the  light — as  it  is  remarkably  deficient 
in  the  red  rays,  it  has  been  proposed  to  remedy 
this  by  the  introduction  of  such  substances  as 
iridium,  sodium,  thallium,  etc.,  or  ev-en  an  atmo- 
sphere of  nitrogen  into  the  path  of  the  vapour, 
(c)  The  working  of  the  lamj)  is  materially 
affected  by  changes  in  the  temperature  of  the 
surrounding  air,  and  it  must  in  consequence  be, 
as  far  as  possible,  protected  therefrom. 

Despite  these,  at  first  sight,  serious  defects, 
there  would  appear  to  be  a  future  before  the 
vapour  lamp,  if  only  on  account  of  its  greater 
efficiency,  a  very  imj)ortant  consideration  now- 
adays. 

Later  patents  taken  out  by  Mr.  Cooper-Hewitt 
\n  the  United  States  refer  to  a  vapour  lamp  in 
which  the  foregoing  defects  are,  for  the  greater 
part,  overcome.  The  vapour  chamber,  instead 
of  taking  the  form  of  an  inconveniently  lengthy 
cylinder  as  in  the  former  lamp,  consists  instead 
of  a  pear-shaped  globe,  approximately  equal  in 
size  to  those  of  the  average  incandescent  lamp. 
As  represented  in  fig.  3,  the  positive  electrode 
consists  of  a  small  plate.  A,  of  any  convenient 
metal,  such  as  iron,  provided  with  a  platinum 
leading  in  wire,  sealed  into  the  glass  of  the  pear- 
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shajicd  globe,  G.  ilie  negative  electrotie,  li, 
on  the  other  liand,  is  a  s))liere  or  sohd  body,  of 
any  convenient  shai)e,  constituted  entirely  of 
such  rare  earths  as  are  cai»able  of  being  raised 


62 


Page's   Magazine. 


to  a  high  state  of  incandescence  without  be- 
coming combustible.  As  in  the  Nernst  lamp, 
it  is  not  essential  that  the  earth  or  earths 
comprising  the  negative  electrode  shall  be  con- 
ductors of  electricity  when  cold,  as  there  is  a 
sufficient  leakage  path  into  the  lamp  to  allow 
the  necessary  starting  current  to  pass  when  the 
circuit  is  closed. 

The  negative  electrode,  B,  is  supported  by  a 
tube  or  cylinder  of  porcelain,  P.  or  any  similar 
material  which  retains  its  insulating  properties 
throughout  any  possible  temperature  variations 
to  which  it  is  likely  to  be  subjected  in  the 
action  of  the  lamp.  This  is  in  turn  sealed 
into  the  glass  globe,  electrical  connection  with  B 
being  secured  b\^  a  platinum  wire  which  passes 
through  its  centre.  The  globe  contains  an 
atmosphere  of  a  suitable  gas,  rarified  nitrogen, 
for  instance,  which,  when  the  lamp  is  in  action, 
becomes  a  conducting  path  of  incandescent 
vapour,  the  emission  of  light  being  assisted  by 
the  incandescence  of  the  negative  electrode,  B. 

According  to  the  claims  put  forward  by  the 
inventor,  with  the  above  atmosphere  of  rarified 
nitrogen,  and  with  electrodes  separated  by  a 
distance  of  some  li   in.,  the  voltage   required 


to  start  the  action  of    the  lamp  is  750  or  less, 
the  current  being  uni-directional. 

At  first  sight,  the  comparatively  high  voltage 
required  to  start  the  lamj)  would  seem  a  serious 
obstacle  in  its  path  towards  success  as  a  com- 
mercial innovation,  but  the  difticulty  has  been 
overcome  in  more  ways  than  one,  rendering  the 
lamp  applicable  to  any  of  the  ordinary  supply 
circuits,  with  the  pressures  at  present  obtaining. 
The  starting  device  described  and  exhibited  at 


the  recent  demonstration  in  London  consisted 
of  an  ordinary  inductance  coil  connected  across 
the  terminals  of  the  lamp,  the  circuit  of  which 
when  broken,  gave  rise  to  an  "  extra  E.M.F.," 
or  induced  high  voltage,  which,  though  momen- 
tary, sufficed  to  overcome  the  initial  resistance 
between  the  electrodes,  and  start  the  action  of 
the  lamp.  Since  that  demonstration,  another 
starting  device,  equally  ingenious,  has  been 
described  and  illustrated  in  the  American  press. 
It  is  the  invention  of  Dr.  Weintraub,  of  the 
Research  Laboratory  of  the  American  General 
Electric  Company,  and  consists  of  a  small 
branch  tube,  sealed  into,  and  communicating 
with,  the  main  stem  of  the  lamp  at  a  point 
approximately  level  with  the  surface  of  the 
mercury  electrode.  This  branch  tube  also  con- 
tains a  supply  of  mercury,  which  normall\-  forms 
part  of  a  single  mass  contained  by  the  main  tube 
and  itself,  the  bridging  column  being  a  horizontal 
layer  of  the  metal  which  partially  fills  the  con- 
necting tube.  A  soft-iron  float  is  immersed  in 
the  mercury  of  the  branch  tube,  and  its  mass  is 
so  proportioned  as  to  maintain  a  junction  be- 
tween the  two  columns  by  keeping  the  level  of 
the  mercury  above  that  of  the  connecting  yoke. 
This  float  forms  the  core  of  a  solenoid  wound 
round  the  branch  tube,  and  connected  in  parallel 
with  the  lamp  terminals  ;  when  the  current  is 
switched  on,  the  solenoid  becomes  active,  and 
raises  the  float,  allowing  the  level  of  mercury  in 
the  branch  tube  to  sink  accordingly.  As  a 
result,  electrical  continuity  between  the  two 
masses  of  mercury  is  destroyed,  and  an  arc  is  set 
up  between  them,  which,  taking  place  in  the 
electrical  field  created  between  the  two  main 
terminals  of  the  lamp,  suffices  to  start  the  action 
in  the  main  stem.  Once  started,  the  lamp 
continues  to  work,  and  the  starting  solenoid  is 
automatically  cut  out  of  circuit  by  an  auxiliary 
electro-magnetic  device. 

The  lamp  is  self-regulating,  for  the  following 
reason  :  It  is  an  acknowledged  fact  that  the 
electrical  resistance  of  a  vapour  varies  inversely 
with  the  current ;  in  the  Cooper-Hewitt  lamp, 
however,  this  phenomenon  is  compensated  for 
by  the  increase  of  resistance  to  the  passage  of 
the  current  at  the  negative  electrode.  Provided, 
therefore,  that  there  be  no  chemical  or  physical 
action  at  the  latter,  and  that  the  various  adjust- 
ments necessary  to  the  working  of  the  lamp  be 
made,  the  latter  becomes  self-regulating  through 
comparatively  wide  variations  in  the  electro- 
motive force  of  the  current  which  feeds  it. 

A  modified  form  of  the  same  lamp  comprises 
a  spherical  globe,  the  negative  electrode  being 
situated  at  its  centre,  and  surrounded  by  the 
positive  in  the  form  of  a  ring. 
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Another  objection  to  the  mercur\'  vapour 
lamp,  viewed  from  a  commercial  standpoint,  is 
its  lack  of  portability,  owing  to  the  liability  of 
fracture  from  the  weight  of  mercury  contained 
within  the  tube.  It  is,  however,  more  than 
probable  that  this  obstacle  will  be  speedily  sur- 
mounted, more  than  one  patent  having  been 
already  applied  for  in  the  States  on  a  device 
designed  with  a  view  to  eliminating  the  diffi- 
culty. So  far,  the  general  tendency  leans 
towards  a  separate  receptacle  or  pocket,  her- 
metically sealed  into  the  main  lamp  tube  or 
bulb,  and  designed  to  receive  and  contain  the 
mercury  during  transit,  thereby  relieving  the 
lamp  proper  from  the  strain  which  would  other- 
wise be  imposed  upon  it. 


THE    OSMIUM    LAMP. 


The  marked  inefticiency  of  the  ordinary  in- 
candescent lamp  with  a  carbon  filament,  which 
may,  and,  in  fact,  frequently  does  consume  as 
much  as  four  or  even  five  watts  per  candle  power, 
has  induced  many  inventors  to  turn  their  atten- 
tion to  the  production  of  a  filament  which,  whilst 
possessing  the  necessary  strength  and  tenacity, 
and  offering  a  sufficiently  high  electrical  resist- 
ance to  the  passage  of  a  current  in  proportion 
to  its  length,  shall,  at  the  same  time,  be  to  all 
practical  intents  and  purposes  incombustible, 
thus  enabling  higher  temperatures  to  be  attained 
without  risk  of  fracture,  and  thereby  increasing 
the  efficiency  of  the  lamp. 

Following-  upon  the  successful  experiments  of 
Nernst,  now  so  widely  known,  the  rare  earths 
seemed  to  offer  a  prom'ising  field  for  the  selection 
of  a  substance  which  would  fulfil  the  desired 
conditions. 

The  Osmium  lamp,  invented  by  Dr.  Auer 
Von  Welsbach,  of  incandescent  gas  mantle  fame, 
closely  resembles  an  ordinary  incandescent 
electric  lamp  with  carbon  filament  in  general 
construction,  the  only  real  difference  being  in 
the  material  of  which  the  filament  is  composed. 
Osmium,  which  was  discovered  by  Tennant  ni 
1803,  is  a  metallic  element,  blueish  white  in 
colour,  and  practically  infusible  ;  it  is  harder 
than  glass  and  is  the  heaviest  known  body. 
It  is  this  substance  which  the  inventor  of  the 
Welsbach  mantle  adopted  as  the  material  for 
his  electric  lamp  filaments.  The  main  difficulty 
in  the  way  of  its  adaptation  to  the  needs  of  an 
ordinary  incandescent  filament  lay  in  its  crystal- 
line formation,  which  rendered  it  unfit  to  be 
worked  in  the  ordinary  way.  Mr.  \V.  Shai)leigh, 
of  the  American  Welsbach  Company,  api)ears, 
however,  to  have  surmounted  this  obstacle,  and 
produced  a  practical  lamp,  which,  supplied  with 


current  at  a  potential  difference  of  25  volts, 
e.xhibited  an  efficiency  of  from  "9  to  i  watt  per 
candle,  as  against  the  nunimum  2 J  watts  i>er 
candle  consumed  by  the  ordinary  incandescent 
lamp  with  its  carbon  fi'ament.  Furthermore, 
the  decrease  in  efficiency  with  continued  use  is 
not  so  rapid  as  in  the  case  of  the  carbon  filament ; 
an  experimental  osmium  lamp  with  a  starting 
efficiency  of  i"45  watts  per  candle  jwwer  was 
run  for  1,500  hours,  and  at  the  end  of  the  test 
its  efficiency  had  only  dropped  to  1-7  watts,  a 
creditable  performance  as  compared  with  the 
ordinary  incandescent  lamp  of  commerce. 

The  osmium  filament  is  of  the  hair-pin  variety, 
and  is  used  in  a  vertical  position,  owing  to  its 
extreme  flexibility  ;  this  fact,  coupled  with  the 
raritv  of  the  metal,  and  the  difficulty  of  obtaining 
a  sufficiently  liigh  electrical  resistance  in  a 
proportionately  strong  filament,  owing  to 
inequalities  in  the  metal,  appears  to  have  at 
present  militated  against  its  introduct'on  to 
the  public  on  a  commercial  scale. 

CRAWFORD-VOELKER    LAMP. 

The  Crawford-\'oelker,  or  carbide  of  titanium, 
lamp  constitutes  another  attempt  to  oust  the 
carbon   filament   from   the   incandescent   field  ; 
it  was  invented  by  William  Lawrence  V'oelker 
in  1897,  since  which  time  he  has  been  experi- 
menting with  a  view  to  perfecting  the  invention, 
and  rendering  it  fit  to  compete  with  the  universal 
carbon    filament     of     to-day.     The    Crawford- 
Voelker  lamp  also  resembles  the  ordinary  in- 
candescent bulb  in  general  appearance,  the  main 
structural  difference  consisting  in  a  bifurcation 
of  the  globe,  extending  down  some  distance  from 
the    cap    or    mounting    of    the    filament.     The 
dividing  partition  is  of  porcelain,  and  its  object 
is  to  ))revent  an  undue  waste  of  electrical  energy, 
which  was  shown  by  Sir  William  Preece  to  exist 
between  the  entering  extremities  of  an  ordinary 
incandescent  lamp  filament,  owing  to  the  passage 
of  a  current  through  the  exhausted  space  be- 
tween the  two  terminals.     This  lamp,  like  the 
high  efficiency  carl^on  variety,  consumes  at  the 
start  a])proximately  2-5  watts  per  candle  power. 
Its    general  decadence  in  use  is,  however,   far 
less  rapiil,  as  evidence  the  tests  to  which  samples 
have  been  subjected    by  Col.  H.  C.  L.  Holden. 
F.R.S.     With  a  starting  efficiency  of  2-535  watts 
per  candle,  these  lami)s,  after  560  hours,  only 
fell  to  2845  watts,  and  on  a  further  extension 
to   1,000  hours  of   burning,   the  efficiency  was 
3-35  watts  per  caiuUe  power,  this  with  a  mini- 
mum  life  of  787   hours,  which  compares  very 
favouralilv  with   the  useful   life  of   the  carbon 
iilament. 
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THE     "PREMIER"     LAMP. 

The  "iPremier  "  or  carbide  of  silicon  incan- 
descent lamp  is  the  invention  of  Herr  Langhans, 
and  possesses  a  refractory  filament,  made  by 
specially  treating  the  cellulose  prepared  in  the 
ordinary  manner  as  ado})ted  at  j)resent  by  lamp 
manufacturers,  with  silicon,  in  the  form  of  a 
fine  amorphous  powder.  The  two  substances 
are  thoroughly  incorporated  by  mechanical 
means,  and  the  mass  subsequently  rotated  to 
remove  all  air-bubbles.  It  is  then  squirted 
through  dies  in  the  ordinary  way,  and  the  thread 
thus  produced  is  wound  on  frames,  which  are 
subsequently  packed  in  a  mixture  of  carbon 
powder  and  titanic  acid.  Protected  in  this 
manner  from  the  action  of  the  atmosphere,  they 
are  subjected  for  some  time  to  a  high  tempera- 
ture, which  carbonises  them.  The  subsequent 
"  flashing  "  takes  place  in  a  vapour  of  carbon 
and  silicon,  and  the  filament  is  then  ready  for 
mounting  in  the  bulbs.  In  other  respects  the 
construction  of  the  lamp  closely  resembles  that 
of  the  ordinary  incandescent  variety,  but  with 
the  additional  advantage  of  increased  efficiency  ; 
a  consumption  of  3-1  v^'atts  per  candle  power 
being  to  all  practical  intents  and  purposes  main- 
tained throughout  a  life  of  from  600  to  Soo  hours. 
Another  great  advantage  is  the  absence  of  the 
black  deposit  which  invariably  forms  on  the 
inside  of  globes  carrying  carbon  filaments,  and 
speedily  detracts  from  the  quality  of  the  light 
emitted  by  them. 

EDISON'S  TUNGSTATE    OF   CALCIUM    LAMP. 

The  general  principle  of  electrical  illumination 
by  a  high  tension  discharge  in  vacuum  tubes  is 
too  well  known  to  need  enlargement  here  ; 
Edison  has,  however,  improved  upon  the  plain 
vacuum  as  a  result  of  his  researches  into  the 
subject  of  X-rays.  His  tungstate  of  calcium 
lamp  consists  of  an  exhausted  glass  tube,  into 
which  has  been  previously  introduced  a  quantity 
of  crystals  of  calcium  tungstate.  These  latter 
are  subsequently  fused  by  the  ap])lication  of 
X-rays  to  the  tube,  the  latter  being,  meanwhile, 
slowly  revolved  so  as  to  procure  a  thin  layer  of 
the  substance  over  its  interior  surface.  When 
subjected  to  the  action  of  a  high  tension  current 
produced  by  an  induction  coil  or  other  suitable 
means,  these  tubes  glow  very  brilliantly,  but 
possess  the  attendant  disadvantage  that  they 
cannot  be  worked  for  long  at  a  time. 

ARC    LIGHTING. 

Arc  lighting,  of  course,  offers  a  wide  field  for 
investigation,  which  has  been  mainly  confined 


until  lately  to  the  method  of  automatic  regula- 
tion of  the  carbons.  The  enclosed  arc,  whereby 
a  partial  vacuum  is  secured  around  the  arc, 
and  the  consumption  of  the  carbons  thereby 
considerably  lessened,  is  also  a  comparatively 
modern  innovation,  but,  in  view  of  recent  pro- 
gress in  this  direction,  it  can  hardly  be  regarded 
as  undeveloped.  There  is,  however,  a  departure 
in  arc  lamp  construction  which  promises  in- 
creased efficiency,  and  that  is  in  the  Bremer 
patents,  which  refer,  in  the  main,  to  the  com- 
position of  the  carbon  rods  themselves.  These 
latter,  instead  of  being  carbon  pure  and  simple, 
are  impregnated  with  metallic  salts  containing 
such  substances  as  fluorine.  The  proportion  of 
these  salts  present  in  the  electrodes  may  be  as 
high  as  from  20  per  cent,  to  70  per  cent,  and  it 
is  claimed  that  by  vapourising  in  the  immediate 
neighbourhood  of  the  arc  itself,  they  greatly  im- 
prove the  quality  of  the  light  emitted. 

A  diagram  relating  to  the  Bremer  arc   ?amp 
is  represented  in  fig.  4,  where  C,  C2,  are  the  two 


FIG.  4. 

parallel  composite  rods,  held  in  the  conducting 
tubes,  T,  T2,  which  conduct  the  current  to  them. 
Their  lower  extremities  pass  through  the  roof,  R, 
of  a  chamber,  which  surrounds  the  arc  on  all 
sides  except  at  the  bottom,  whence  the  light  is 
emitted.  This  chamber,  which  may  be  of  any- 
desired  form,  serves  the  double  j)urpose  of 
partially  excluding  the  air,  thereby  keeping  up 
the  temperature  of  the  arc,  and  at  the  same 
time  acting  as  a  base  upon  which  is  deposited  a 
white  j^roduct  of  combustion,  completely  lining 
the  chamber  and  forming  an  admirable  reflecting 
surface.  The  arc  is  of  the  shape  shown  by  the 
dotted  lines,  and  its  surface  is  further  increased 
by  the  repellent  action  exerted  by  the  pole 
})iece,  P,  of  an  electro-magnet,  the  winding  of 
which  is  connected  in  series  with  the  arc. 


Bv   BENJAMIN    TAYLOR.   F.R.G.S. 

Although  Page's  Magazine  is  in  no  sense  of  the  word  a  political  journal,  we  think  no  apology 
is  needed  for  the  publication  of  an  article,  based  upon  the  recent  proposals  of  Mr.  Chamberlain, 
since  they  affect  the  whole  of  the  industries  with  which  the  Magazine  is  concerned.  At  the  same 
time  we  have  no  wish  to  enter  into  any  species  of  partisanship,  and  we  must  again  draw 
attention  to  the  fact  that  we  do  not  necessarily  share  the  opinions  of  contributors. — Eu. 


THE  whole  business  community  has  been  stirred  by 
Mr.  Chamberlain's  projection  of  inter-Imperial 
trade  relations  into  the  arena  of  practical  politics.  Men 
are  now  brought  practically  face  to  face  with  a  question 
which  has  been  hitherto  only  provisionally  con- 
templated. For  twenty  y-ears  or  so  we  have  all  talked 
about  and  mused  about  Imperial  Federation,  but  we 
have  not  got  any  nearer  to  it — not  even,  as  was  fondly 
hoped,  by  the  foundation  of  the  Commonwealth  of 
Australia.  But  that  Imperial  union  may  exist  without 
political  federation  the  Colonies  have  shown  us  in 
South  Africa  ;  and  that  reciprocal  trade  arrangements 
may  be  made  without  one  common  tariff,  Canada  has 
shown  us  by-  her  differential  scale. 

BEGINNING     A     NEW     CHAPTER. 

It  was  with  reference  to  the  self-governing  Colonies 
and  their  population  of  ten  millions  of  our  own  race, 
Mr.  Chamberlain  spoke  at  Birmingham  in  dealing  with 
reciprocity  as  a  means   towards  Federal   Union  : — 

"  I  hear  it  stated  (he  said)  that  our  trade  with  those 
Colonies  is  much  less  than  our  trade  with  foreign 
countries,  and  therefore  it  appears  to  be  their  opinion 
that  we  should  do  everything  in  our  power  to  cultivate 
that  trade  with  foreigners,  and  that  we  can  safely 
disregard  the  trade  with  our  children.  Now,  sir, 
that  is  not  my  conclusion.  My  conclusion  is  exactly 
the  opposite.  I  say  it  is  the  business  of  British  states- 
men to  do  everything  they  can,  even  at  some  present 
sacrifice,  to  keep  the  trade  of  the  Colonies  with  Great 
Britain,  to  increase  that  trade,  to  promote  it  even  if  in 
doing  so  we  lessen  somewhat  the  trade  with  our  foreign 
competitors.  And  why  ?  Because  if  we  do  not  make 
for  Union  we  shall  drift  to  separation.  Supposing, 
when  self-government  was  first  conceded  to  these 
Colonies,  the  statesmen  who  gave  it  had  had  any  idea 
of  the  possibilities  of  the  future,  do  you  not  sec  that 
they  might  have  laid  broad  and  firm  the  foundations 
of  an  Imperial  edifice  to  which  every  party  would  iiav.- 


contributed  something  to  the  strength  of  the  whole  ? 
But  in  these  days  the  one  idea  of  statesmen  was  to  get 
rid  of  the  whole  business.  They  believed  that  separa- 
tion must  come  ;  what  they  wanted  to  do  was  to  make 
it  smooth  and  easy,  and  none  of  these  ideas,  which 
subsequent  experience  has  put  into  our  minds,  appear 
ever  to  have  been  suggested  to  them.  By  their  mis- 
takes and  by  their  neglect  our  task  has  been  made 
more  difficult — more  difficult,  but  not  impossible. 
There  is  still  time  to  consolidate  the  Empire.  We 
also  have  our  chance,  and  it  depends  upon  what  we  do 
now,  whether  this  great  idea  is  to  find  fruition,  or 
whether  we  will  for  ever  dismiss  it  from  our  considera- 
tion and  accept  our  fate  as  one  of  the  dying  Empires 
of  the  world.  Now,  what  is  the  meaning  of  an  Empire  ? 
What  does  it  mean  to  us  ?  W'e  have  had  a  little 
experience.  We  have  had  a  war,  a  war  in  which  the 
majority  of  our  children  abroad  had  no  apparent  direct 
interest.  We  had  no  hold  over  them,  no  agreement 
with  them  of  any  kind,  and  yet  at  one  time  during  this 
war,  by  the  voluntary  decision  of  these  people,  at 
least  50,000  colonial  soldiers  were  standing  shoulder 
to  shoulder  with  British  troops,  displaying  a  gallantry 
equal   to  their  own  and   the  keenest   inteUigence." 

It  is  true  that  the  Colonies  are  not  as  generous 
as  they  might  be  in  financial  support  to  the  defences 
of  the  Empire.  But  they  will  improve,  and  this  is 
how  Mr.  Chamberlain  lays  down  the  position  :  — 

"  My  idea  of  British  policy,  I  mean  the  policy  of  the 
I'nited  Kingdom,  is  that  here  at  the  beginning  of 
things,  at  the  beginning  of  this  new  chapter,  we  should 
show  our  appreciation,  our  cordial  appreciation, 
of  the  first  step  to  be  taken  by  our  Colonies  to  show 
their  solidarity  with  us.  Every  advance  which  thiy 
make  should  be  reciprocatecl.  We  should  set  ourselvt.> 
a  great  example  of  comnuinity  of  interest,  ami.  above 
all,  that  community  of  sacrifice  on  which  akme  the 
Empire  can  permanently  rest,  I  have  admitted  that 
(lie    Colonies    \\'y    luilintu    \vcii    backward    111    their 
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contributions  towards  Imperial  defence.  They  are 
following  their  own  lines.  I  hope  they  will  do  better, 
but  in  the  meantime  they  are  doing  a  great  deal,  and 
they  are  tr^'ing  to  promote  this  union,  which  I  regard 
with  so  much  importance,  in  their  own  way  and  by 
their  own  means.  And  first  among  those  means  is 
the  offer  of  preferential  tariffs.-  Now,  that  is  a  mntter 
Y/hich  at  Ihe  present  moment  is  of  the  greatest  possible 
importance  to  eveiyone  of  you.  It  depends  upon 
how  we  treat  this  policy  of  the  Colonies — not  a  policy 
inaugurated  by  us,  it  is  a  policy  which  comes  to  us 
from  nur  children  abroad — it  depends  upon  how  we 
treat  it  whether  it  is  developed  in  the  f utu]  e,  or  w-hether 
it  is  withdrawn  as  being  not  acceptable  to  those 
whom  it  is  sought  to  benefit.-  The  other  day,  imme- 
diately after  I  left  South  Africa,  a  great  conference  was 
held  for  the  first  time  of  all  the  Colonies  in  South 
Africa — the  new  Colonies  as  well  as  the  old,  Boers  and 
the  Dutch  were  represented  as  well  as  the  British — 
and  this  conference  recommended  the  other  Legislatures 
of  the  different  Colonies  to  give  to  us,  the  Mother 
Country,  preference  upon  all  dutiable  goods  of  25 
per  cent.  Last  3'ear,  at  the  conference  of  Premiers, 
the  representatives  of  Australia  and  New  Zealand 
accepted  the  same  principle.  They  said  in  their 
different  Colonies  there  might  be  some  difference  of 
treatment,  but  so  far  as  the  principle  was  concerned 
they  pledged  themselves  to  recommend  to  their  con- 
stituents a  substantial  preference  in  favour  of  goods 
produced  in  the  Mother  Country.  Now,  that  again  is 
a  new  chapter  in  our  Imperial  history,  and  again  I  ask. 
Is  it  to  end  there  ?  In  my  opinion  these  recommenda 
tions  and  these  pledges  will  bear  fruit  just  in  proportion 
as  you  show  your  appreciation  of  them,  and  they  will 
depend  largely  upon  the  experience  of  Canada,  which 
has  been  their  precursor  in   a  similar  movement." 

ATTITUDE     OF     THE     COLONIES. 

At  the  Conference  of  Colonial  Premiers  in  London 
in  1902  the  subject  of  commercial  relations  was  freely 
discussed.  Mr.  Chamberlain  explained  that  a  system 
oi  Free  Trade  within  the  Empire,  if  it  could  be  attained, 
would  lead  to  the  rapid  and  profitable  exploitation  of 
its  boundless  natural  resources,  and  at  the  same  time 
promote  the  natural  and  healthy  growth  and  expansion 
of  its  manufacturing  industries.  It  would  change  the 
various  parts  from  a  series  of  commercial  units  to  an 
organic  whole,  the  strength  and  solidarity  of  which 
would  grow  in  proportion  witli  its  commercial  and 
industrial  development,  and  would  lead  inevitably  to 
that  closer  political  union  which  is  so  generally  desired. 
At  the  previous  Conference,  in  1897,  the  Prime  Ministers 
passed  two  resolutions  on  this  subject,  the  first  urging 
the  early  denunciation  of  any  treaties  which  hampered 
the  commercial  relations  between  Great  Britain  and 
the  Colonies,  and  the  second  undertaking  to  confer 
with  their  colleagues  with  the  view  of  seeing  whether 
an  improvement  of  the  trade  relations  between  the 
Mother  Country  and  the  Colonies  could  properly  be 
secured  by  a  preference  given  by  the  Colonies  to  the 
products  of  the  United  Kingdom.      Following  on  these 


resolutions,  His  Majesty's  Government  denounced  the 
treaties  with  Germany  and  Belgium,  and  the  Dominion 
of  Canada,  which  had  given  a  tariff  preference  of 
12-|  per  cent. — increased  to  25  per  cent,  in  1898 — to 
the  products  of  the  United  Kingdom,  offering  a  similar 
reduction  to  the  products  of  any  country  where  the 
Customs  tariff  on  Canadian  produce  was  as  favourable 
as  the  Canadian  tariff,  so  reduced,  w.is  to  the  products 
of  such  country,  on  the  termination  of  the  treaties  which 
confined  this  preference  to  the  products  and  manu- 
factures of  the  United  Kingdom  and  certain  British 
Colonies.  This  preference  was,  in  1900,  increased  to 
33^  per  cent,  of  the  duty,  and  its  results  so  far  on  the 
trade  between  the  United  Kingdom  and  Canada  were 
fully  discussed.  A  motion  was  submitted  on  behalf  of  the 
Government  of  New  Zealand  to  the  following  effect  : — 

"  That  it  is  essential  to  the  well-being  of  the  Mother 
Country  and  His  Majesty's  dominions  beyond  the  seas, 
that  in  such  dominions  where  the  same  do  not  now 
exist,  preferential  tariffs  by  way  of  rebate  of  duties 
on  British-maniifactured  goods  carried  in  British-owned 
ships  should  be  granted,  and  that  in  the  Mother 
Countr}-  rebate  of  dut}'  on  Colonial  products  now- 
taxable  should  be  conceded." 

The  discussion,  it  was  reported,  revealed  a  very 
strong  feeling  amongst  the  Prime  Ministers  in  favour 
of  making  some  definite  advance  towards  establishing 
closer  trade  relations  between  the  Mother  Country 
and  the  Colonies,  and  then  it  was  resolved  that  the 
several  Prime  Ministers  should  meet  the  President  of 
the  Board  of  Trade  privately,  with  the  view  of  con- 
sidering such  separate  arrangements  as  would  best  meet 
the  varying  circumstances  of  the  several  Colonies. 
The  result  of  the  informal  meetings  with  the  President 
of  the  Board  of  Trade  was  set  forth  in  the  following 
memorandum  : — 

"  As  a  result  of  the  communications  which  have 
taken  place,  it  is  understood  that  the  representatives 
of  the  Colonies  hereinafter  mentioned  are  prepared  to 
recommend  to  their  respective  Parliaments  preferential 
treatment   of   Biitish  goods  on  the  following  lines  : — 

Canada. — The  existing  preference  of  33 j  per  cent, 
and  an  additional  preference  on  lists  of  selected  articles — 

(a)  By  further  reducing  the  duties  in  favour  of  the 
United  Kingdom. 

(b)  By  raising  the  duties  against  foreign  imports. 

(c)  By  imposing  duties  on  certain  foreign  imports 
now  on  the  free  list. 

Australia. — Preferential  treatment  not  yet  defined  as 
to  nature  or  extent. 

New  /Zealand. — A  general  preference  by  10  per  cent, 
all-round  reduction  of  the  ]iresent  duty  on  British 
manufactured  goods,  or  an  equivalent  in  respect  of 
lists  of  selected  articles  on  the  lines  proposed  by 
Canada,  namely  : — 

(a)  By  further  reducing  the  duties  in  favour  of  the 
United   Kingdom. 

(b)  By  raising  the  duties  against  foreign  imports. 
{:)  By   imposing  duties  on   certain   foreign  imports 

now  on  the  free  list. 

The  Cape  and  Xatal. — A  preference  of  25  per  cent. 
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or  its  equivalent  on  dutiable  goods  other  than  specially 
rated  articles  to  be  given  by  increasing  the  duties  on 
foreign  imports." 

The  general  resolution  finally  adopted  by  the 
Conference  as  covering  the  principle  underlying  the 
several  proposals  was  as  follows  : — 

"  I.  That  this  Conference  recognises  that  the  prin- 
ciple of  preferential  trade  between  the  United  Kingdom 
and  His  Majesty's  dominions  beyond  the  seas  would 
stimulate  and  faciUtate  mutual  commercial  intercourse, 
and  would,  by  promoting  the  development  of  the 
resources  and  industries  of  the  several  parts,  strengthen 
the  Empire. 

2.  That  this  Conference  recognises  that,  in  the  present 
circumstances  of  the  Colonies,  it  is  not  practicable  to 
adopt  a  general  system  of  Free  Trade  as  between  the 
Mother  Country  and  the  British  dominions  beyond 
the  seas. 

3-  That  with  a  view,  however,  to  promoting  the 
increase  of  trade  within  the  Empire,  it  is  desirable 
that  those  Colonies  which  have  not  already  adopted 
such  a  polic}-  should,  as  far  as  their  circumstances 
permit,  give  substantial  preferential  treatment  to  the 
products  and  manufactures  of  the  United  Kingdom. 

4.  That  the  Prime  Ministers  of  the  Colonies  respect- 
fully urge  on  His  IMajesty's  Government  the  expediency 
of  granting  in  the  United  Kingdom  preferential  treat- 
ment to  the  products  and  manufactures  of  the  Colonies, 
either  by  exemption  from  or  reduction  of  duties  now  or 
hereafter  imposed. 

5.  That  the  Prime  Ministers  present  at  the  Con- 
ference undertake  to  submit  to  their  respective  Govern- 
ments, at  the  earliest  opportunitv,  the  principle  of  the 
resolution,  and  to  request  them  to  take  such  measures 
as  may  be  necessary  to  give  effect  to  it." 

THE  ISSUE     AN   IMPERIAL  RECIPROCITY    EXPRESSED 
IN     PREFERENTIAL     TARIFFS. 

The  issue  raised  by  ^Ir.  Chamberlain  is,  "  whether 
the  people  of  this  country  really  have  it  in  their  hearts 
to  do  all  that  is  necessary,  even  if  it  occasionally  goes 
against  their  own  prejudices,  to  consolidate  an  Empire 
which  can  onlj-  be  maintained  by  relations  of  interest 
as  well  as  by  relations  of  sentiment."  The  issue  as 
thus  raised  involves  consideration  not  of  an  Imperial 
Zollverein,  but  of  Imperial  reciprocity  expressed  in 
preferential  tariffs.  There  is  a  wide  difference  between 
the  two.  Either  may  make  for  political  union,  but 
while  one  has  never  seen  a  Zollverein  without  political 
union,  there  have  been  frequent  instances  of  commercial 
union  between  separate  pohtical  entities.  Cases  in 
point  are  the  former  Reciprocity  Treaty  between 
Canada  and  the  United  States,  the  Customs  Union  in 
South  Africa,  and  the  alliance  pending  between  tlie 
United  States  and  Cuba.  On  the  other  hand,  there 
have  been  political  unions  without  Customs  Unions, 
as,  for  instance,  between  England  and  Scotland  in  tlie 
seventeenth  century,  between  Great  Britain  and  Ireland 
in  the  early  part  of  the  nineteenth  century,  and  between 
the  provinces  of  France  before  the  Customs  l)arriers 
•were     removed.     A     Zollverein,    or     Customs     Unicjii, 


however,  has  never  existed  without  political  unity. 
It  is  f<jund  in  the  German  Empire  and  in  the  American 
Republic — each  a  federation  of  States  with  sepaiate 
Governments,  and  even  separate  social  laws,  but  with 
one  commercial  law,  one  tariff,  one  system  of  money. 
And  a  Zollverein  implies  absolute  Free  Trade  between 
the  States  associated,  with  or  without  (but  in  practice 
with)  a  single  Customs  barrier  against  the  rest  of  the 
world. 

Now,  the  outlying  members  of  the  British  Empire 
are  not  as  yet  prepared  to  adopt  the  same  Customs 
duties  as  the  Mother  Country,  because  they  depend  for 
revenue  mainly  on  indirect  taxation,  and  indirect 
taxation  in  these  new  countries  falls  mainly  on  imports. 
Some  of  the  Colonies  are  deliberately  Protectionist  in 
policy,  and  regulate  their  tariffs  accordingly,  but  even 
when  Colonial  tariffs  are  levied  for  revenue  solely, 
they  must  fall  upon  a  wide  range  of  commodities  which 
in  the  Mother  Country,  and  in  other  Colonies,  are  free 
Take  India,  for  instance,  which  raises  so  much  of  its 
revenue  from  a  duty  on  salt,  an  article  which  is  duty 
free  in  almost  all  other  parts  of  the  Empire.  An 
Imperial  Zollverein  is  impossible  until  either  the  Mother 
Country  abandons  Free  Trade  or  all  the  Colonies  and 
Dependencies  adopt  it.  Neither  position  is  yet  within 
the  range  of  practical  politics,  but  what  is  meantime 
proposed  is  a  system  of  preferential  arrangements  in 
the  matter  of  tariffs  within  the  Empire.  It  is  not  to  l)e 
denied  that  this  will  be  an  extremely  difficult  thing  to 
manage,  but  it  is  not  impossible — if  the  several  com- 
munities concerned  are  convinced  of  the  necessity  and 
desirability  of  it. 

One  great  economic  reason  in  favour  of  Imja-rial 
reciprocity  is  that  it  must  almost  certainly  end  — 
though  the  development  may  take  some  years — m  a 
Zollverein,  which  would  mean  pure  Free  Trade  within 
the  Empire.  But  Free  Trade  within  the  Empire 
could  not  be  maintained  without  a  Customs  for  revenue 
for  such  of  the  Imperial  States  as  have  not  sufficient 
forms  of  direct  taxation.  The  question  arises.  Why 
should  there  not  be  an  Imperial  Customs  for  sub- 
division among  all  the  members  of  the  Empire,  just 
as  the  Dominion  Tariff  suffices  for  all  the  jirovinces  of 
Canada,  and  the  Commonwealth  Tariff  for  all  the 
States  of  Australia  ?  That,  however,  is  a  condition 
which  must  follow,  not  jirecetle.  political  unity,  an<l 
political  unity  will  be  jjromotetl  by  j)referential  tariffs, 
which  will  create  an<l  sustain  a  direct  and  intense 
(diumiinilv  of  iiili-rc^ts. 

THE     FREE     TRADE      DOCTRINE. 

To  those  who  have  been  born  and  bred  in  an  atmo- 
sphere of  Free  Trade  it  is  no  doubt  disipiieting  to  have 
an  issue  presented  which  seems  to  involve  a  reversal  of 
the  national  fiscal  policy.  But  Free  Trade  is  not  a 
gospel  ;  it  is  only  a  doctrine.  Anil  it  is  quite  a  mistake 
to  ascribe  all  our  economic  growth  ami  commercial 
prosperity  to  its  iiilhuncc.  People  do  not  consider  how 
far  the  commercial  i>rf)siierity  and  the  s|>irit  of  adven- 
ture, which  in  modern  times  has  taken  the  form  of 
colonisation,    are    interrelated    in    the    history   of   our 
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national  development.  The  British  Isles  contain  a 
population  of  forty  millions.  The  British  Empire 
contains  a  population  of  400  millions.  It  is  in  the 
making  of  that  Empire,  more  than  in  the  practice  of 
Free  Trade,  that  Great  Britain  has  developed  her  trade 
and  extended  her  foreign  connections. 

The  point  to  be  made  clear  to  doubters  is  that 
Reciprocity  between  the  several  self-governing  States 
of  an  Empire  is  in  perfect  accordance  with  the  principles 
of  Free  Trade. 

THE     TRAMMELS     OF     THE     POLITICAL    SCHOOLS. 

Keci])rocity  is  liie  groundwcri<  of  commercial  treaties, 
and  commercial  treaties  were  encouraged  and  promoted 
in  this  country  bj-  Richard  Cobden,  the  great  Apostle 
of  Free  Trade.  The  purpose  and  eiiect  of  all  preferen- 
tial tariffs  is  to  enfranchise  the  trade  between  the 
countries  adopting  them.  It  is  not  to  be  denied  that 
while  some  of  the  Colonies  are  Protectionist,  all  of 
them  have  shared  in  the  benefits  which  Fiee  Trade  has 
conferred  on  the  Mother  Countr},-.  There  is  no  economic 
reason  why  they  should  not  reciprocate  by  returning 
to  the  Mother  Country-  some  of  the  benefits  the}- 
enjoy,  or  fancy  they  enjoy,  through  their  high  duties 
on  imports.  Even  Richard  Cobden  could  not  object 
to  us  accepting  such  benefits  as  Canada,  for  instance, 
conceded,  even  if  they  do  annoy  Germanv.  He  would 
probably  have  been  one  of  the  first  to  extract  an  object- 
lesson  in  Free  Trade,  for  the  education  of  Germany, 
out  of  the  incident.  But  in  any  case  we  must  decline 
to  be  fettered  for  ever  in  our  fiscal  policy  by  con- 
siderations of  what  Richard  Cobden  would  have 
thought  fifty  years  ago.  Times  and  circumstances  have 
changed  since  the  Manchester  School  served  its  day 
and  generation.  In  none  of  the  teachings  of  the  old 
economic  schools  do  we  find  precedents  for  dealing 
with  the  conditions  as  they  now  exist.  Great  Britain 
has  not,  as  was  hoped  and  predicted,  converted  the 
world  to  Free  Trade,  but  she  has  encircled  the  world 
with  her  Empire.  If  that  is  to  be  an  Empire  "  one 
and  indivisible,"  those  upon  whom  its  glories  and  its 
responsibilities  devolve  must  be  prepared  to  sacrifice 
something  more  than  the  trammels  of  the  schools. 

STRENGTHENING      THE      EMPIRE      BY     COMMERCIAL 
BONDS. 

To  the  conservative  islander  there  is  always  some- 
thing of  such  suspicion  as  attaches  to  the  idea  of 
sentiment  in  the  policy  of  Imperialism,  but  neither 
individuals  nor  communities  are  the  worse  for  an 
infusion  of  sentiment.  It  is,  indeed,  the  essence  of 
patriotism.  The  Colonies,  the  Dependencies,  are 
children  of  the  Mother  Land.  If,  when  they  are 
strong  enough,  they  desire  to  walk  their  own  road,  we 
do  not  object.  But  if,  when  they  are  strong  enough  to 
walk  their  own  road  they  elect  to  march  with  us,  we 
must  not  allow  the  doctrinaires  tc  forbid  us  to  accept 
their  company.  If  any  one  of  them  were  to  get  into 
social  or  economic  trouble  now  we  should  find  it  our 
pleasure  as  well  as  our  duty  to  afford  it  national  help. 
If  any  one  of  them  were  attacked  we  should  call  forth, 


if  necessary,  the  whole  resources  of  the  Empire  to 
defend  it.  The  idea  of  Imperialism  may  be  infused  with 
sentiment,  but  the  real  ties  of  Empire  are  strong  as 
steel.  They  may  be  made  stronger  by  the  tightening 
of  commercial  bonds.  It  is.  no  doubt,  true  that  the 
volume  of  our  commerce  with  all  foreign  nations  is 
larger  than  the  volume  of  our  commerce  direct  with 
the  Colonies.  But  such  a  comparison  does  not  cover 
the  whole  circuit  of  inter-Imperial  relations.  There 
is  a  vast  and  ever-growing  intercourse  between  the 
several  members  of  the  Empire.  It  is  our  duty  and 
privilege  to  promote  that  intercourse.  It  is,  moreover, 
the  part  of  wisdom  to  provide  against  the  time  when 
the  volume  of  trade  \nthin  the  Empire  may  at  least 
equal,  and  perhaps  excel,  that  without  the  Empire. 
Who,  for  instance,  shall  limit  the  commercial  possi- 
bilities of  the  Dominion,  or  the  Commonwealth,  or 
federated  South  Africa  ?  It  is  possible  that  we  may 
lose  something  to  begin  with  in  making  preferential 
tariff  arrangements  with  the  Colonies  as  they  now 
are,  but  we  shall  gain  by  the  expansion  of  trade  within 
the  Empire. 

HOW     IT     WORKS     IN     AMERICA. 

Observe    the    effect    of    intra-American   free    trade. 
It  is  easier  to  send  steel  from  Xova  Scotia  to  Maine  than 
from  Ohio,   or  cheaper  to  send  pig  iron  to  Texas  from 
Glasgow  by  sea  than  from  Alabama  or  Illinois  by  land.- 
But  goods  passing  between  these  States  are  free  of  dutj-, 
and  all  passing  in  from  Canada  or  Great  Britain  have  to 
pay  heavy   tribute.     Maine  is  geographicallv  part   of 
Canada,    but,    being    politically    part    of    the    United 
States,  has  to  pay  duty  on  everj-thing  brought  a  few 
miles  across  the  Canadian  border,  though  it  can  import 
free  of  duty  all  it  can  import  from  far-off  Oregon,  on 
the  other  side  of  the  Continent.     There  are   probablv 
no  trade  interchanges  at  all  between  Maine  and  Oregon 
or  California.     At  all  events,  the  material  and  personal 
interest  of  each  State  in  the  other  is  of  the  slenderest. 
The}-  are  more  widely  separated  by  land  than  Canada 
is  from  Britain  by  sea.     They  are  practically  as  far 
apart,    for   trade   purposes,   as   Canada   is   from   Cape 
Colony,  and  as  Cape  Colony  is  from  Australia.     It  is  a 
longer  sea  voyage  from  New  York  to  San  Francisco 
than  from  London  to  Melbourne.     It  is  a  longer  sea 
voyage   from   Portland,   Maine,   to   Portland,   Oregon, 
than  from  Newcastle-on-Tyne  to  Newcastle,  New  South 
Wales.     There    is   a    more    friendl}'   and    svmpathetic 
tie   between   Montreal   and   Melbourne   than   there   is 
between  Connecticut  and  Carolina.     There  is  nothing, 
therefore,    in    geographical    situation,    or   in    national 
affection,  or  in  political  surroundings,  to  prevent  in  the 
British  Empire  such  an  inter-State  free  exchange  of 
trade  as  exists  on  the  American  Continent,  and  now 
extends,  indeed,  beyond  it,  to  Puerto  Rico  and  Hawaii. 
But  the  Colonies  are  not  prepared  to  admit  free  of  duty 
all  the  goods  of  all  the  other  Colonies  and  of  Great 
Britain,   because  some  of  them  cannot  raise  enough 
revenue  without  a  large    Customs   tariff.     Queensland 
and   New  South   Wales  want   to  keep  out   European 
beet  sugar,  and  to  encourage  the  cultivation  and  refining 
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of  sugar  within  their  own  borders.  But  if  they  put  on 
heavy  import  duties  they  will  now  exclude  the  sugar 
of  the  British  Empire,  that  is  of  the  East  and  West 
Indies.  It  is  a  far  cry  from  Sydney,  Cape  Breton,  to 
Sydney,  New  South  Wales,  yet  at  both  places  the 
manufacture  of  iron  and  steel  has  commenced,  or  is  in 
preparation. 

IMPERIAL     UNITY     AND     COMMERCIAL     UNITY 
INSEPARABLE. 

What  the  people  of  this  country  have  got  to  consider 
is  the  proposition  that  Imperial  Unity  and  Commercial 
Unity  are  inseparable.  If  Great  Britain  as  a  nation  is 
determined  to  carry  out  to  its  grand  issues  the  idea  of 
a  comprehensive  and  cohesive  British  Empire,  she 
must  make  up  her  mind  on  this  question  of  trade  and 
commerce.  The  keynote  of  Mr.  Chamberlain's  Bir- 
mingham address  is  that  Imperial  unity  involves 
commercial  solidarity.  But  Impeiialists  cannot  regard 
this  question  of  preferential  trade  within  the  Empire 
from  a  purely  economic  point  of  view.  Free  Traders 
must  not  believe  that  Free  Trade  was  part  of  the 
Sermon  on  the  Mount,  worship  it  as  a  fetish,  or  accept 
it  as  anything  but  a  means  to  an  end.  Free  Trade  is 
to  be  adapted  to  the  National  needs  and  advantages. 
The  idea  of  reciprocal  or  preferential  trade  is  only 
repudiated  with  horror  by  those  who  regard  it  as  a 
form  of  Protection  which  Richard  Cobden  and  John 
Bright  would  have  denounced.  But  we  are  not 
concerned  with  what  Richard  Cobden  and  John  Bright 
would  have  thought  and  said  in  their  day  and  genera- 
tion. It  is  not  necessary  for  economic  health  to  hve 
for  ever  in  the  atmosphere  of  the  Manchester  School. 
The  question  from  the  Imperial  point  of  view  is  not 
merely  the  effect  on  the  fiscal  system  of  the  Mother 
Country,  but,  as  Lord  Rosebery  puts  it,  whether  the 
system  of  reciprocal  tariffs  will  really  bind  the  Mother 
Country  more  closely  with  her  Colonies  than  is  now  the 
case.  If  we  feel  that  it  will,  then  the  change  can  be 
made  with  alacrity.  And  we  need  not  fear  foreign 
reprisals,  because  the  British  Empire  will  then  be  the 
largest  consumer  in  the  world,  too  good  a  customer 
for  any  country  to  quarrel  with,  and  we  need  not 
trouble  ourselves  with  the  adverse  comments  of  foreign 
speakers  and  writers.  All  we  need  is  to  have  the 
Colonies  with  us. 

OUR     TRADE     WITH     THE     COLONIES. 

According  to  the  usual  annual  Blue  Book  the  returns 
for  1902  show  that  the  total  of  our  foreign  trade, 
including  both  exports  and  imports,  amounted  ior 
that  year  to  ;£877, 630,000,  being  an  increase  of 
-{7,700,000  as  compared  with  the  previous  year,  and  of 
£13,000,000  as  against  1898,  since  which  date,  witli  the 
exception  of  one  year,  the  advance  has  been  constant. 
The  trade  of  the  Mother  Country  with  her  Colonial 
possessions  and  protectorates  last  year  amounted  to 
;{224, 300,000,  being  roughly  26  per  cent,  of  the  whole. 
the    remainder    being     witli     fnn-'iMi     ((.imincs.     Th.- 


actual   amount   and   percentage  of   increase   for   both 
classes  of  trade  diiriiii;  tin-  iv.-  viars  is  thus  v,li,,\vn    — 


Tiital  of  Iiiiporls 
:ind  Exports. 


iK,K  i<>cj.  Amount.  p.c. 

i  £  £ 

From  and  to 

f  o  r  e  i  jj;  n 

countries...   574,S25,ooo    f.5;,,;,2Ci,ooo     78,501,000     i;,  A 
Froin  and  to 

British 

possessions    189,734,000    224,305.000      34,571.000     l^  1 


Total 


764,559,000     877,631,000  113  "7- ""^o     '4  7 


The  gain  of  the  Colonies  as  regards  the  perci-ntuge  oi 
the  gross  total  seems  small,  but  the  positive  growth 
of  the  trade  as  against  that  with  foreign  countries  is 
greater  by  more  than  5  per  cent.  This  movement  in 
favour  of  the  Colonies  has  progressed  steadily  since 
1897,  notwithstanding  the  South  .\frican  War,  whereas 
the  trade  with  foreign  countries  has  been  subjected 
to  considerable  tluctuations,  the  highest  total  of 
£665,894,000  being  reached  in  1900.  The  comparative 
steadiness  of  the  development  of  Colonial  commerce 
in  the  period  indicates  durable  principle  of  growth. 
If  the  foreign  trade  be  divided  into  imports  and  exports, 
facts  emerge  which  explain  the  desire  of  the  Colonies 
for  an  Imperial  ZoUverein.  The  following  comparison 
gives  a  general  view  of  the  respective  movements  : — 


Imports 


Increase. 
Amount.  p.c. 

£ 


£  £ 

F"rom  foreign 

countries...  370,922,000  421,598,000  50,676,000  135 
From  British 

possessions      99,623,000     106,793,000      7,170.000      72 

Total     .  .    470,545,000     528,391.000    57,846,000     12-3 

Incre.ise. 

Kxports.  i!-^'f*-  "'C'  Amount  ivc. 

To      foreign 

countries...  203,903,000  231, 727,00)0  27,^24,ooo  130 
To       British 

possessions  (/),i  11,000     117,511,000    27,400,000    30a 

Total     ...    294,014,000     349,238,000    55.224.000     l8-2 

(Jur  iiupoMs  from  foreign  countries  have  increa.'ied 
in  a  considerably  greater  ratio,  Injth  relatively  and 
positively,  than  those  from  our  Colonies  and  possessions, 
but  the  exact  reverse  is  the  case  with  our  exiK)its. 
laking  the  total  value  of  the  entire  trade,  we  bought 
relatively  less  from  the  Colonies  last  year  than  in  1898, 
while  at  the  sanif^  time  v.e  largely  increased  our  sales 
to  them.  So  far.  the  Colonirs  have  stJine  T\.as.m  for 
complaint,  seeing  that  our  imports  from  them  have 
not  advanced  in  a  corresp(-nding  ratit)  to  their  imports 
from  us;  but  our  purchases  from  the  Colonies  consist 
mainly  of  (oodstutis  and  raw  materials,  whereas  of  the 
total  increase  in  our  purchases  from  foreign  countries 
since  1807,  ;^i2,ocx3ooo  was  in  respect  of  manufactured 
goods.  That  class  of  imports  last  year  amounti-d 
to  mariv  a  hundred  millions.     A  moderate  duty  on  such 
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imports    would    easily    compensate     for     any    loss     of 
revenue  in  differentiating  on  Colonial  products. 

DISTRIBUTING     THE     NATIONAL     RISKS. 

There  are  many  considerations  affecting  the  sources 
of  our  food  supply.  It  is,  for  instance,  desirable  to 
increase  the  number  of  these  sources  so  as  to  distribute 
our  national  risks  more.  The  earnest  desire  of  the 
cotton-spinners  in  this  country  just  now  is  to  find  some 
otler  field  for  the  production  of  medium  cotton  than 
the  United  States.  Such  a  field  it  is  hoped  and  expected 
to  find  in  our  West  African  Colonies,  and  if  these 
expectations  are  realised  the  Imperial  advantages  will 
be  enormous.  Then  as  to  corn  and  flesh  meat,  ue  are 
now  relying  to  a  considerable  extent  on  our  Australasian 
possessions.  But  these  are  far  away,  and  in  any  case 
the  supply  is  yet  insufficient,  though  New  Zealand  is 
preparing  to  be  her  own  salesman  at  our  doors.  For 
relief  from  dependence  on  foreign  purveyors  we  must 
look  mainlv  to  Canada.  From  the  St.  Lawrence,  or 
Hudson  Bay,  to  the  West  Coast  of  Scotland  is  a  seaway 
th'at  can  be  covered  by  swift  steamers  in  four  to  five 
days.  This  is  an  ocean  highway  with  the  smallest 
amount  of  risk  of  any  open  to  us.  It  is  a  line  of  traffic 
short  and  direct,  which  could  be  constantly  patrolled  in 
war  time  by  swift  and  powerful  cruisers  as  scouts  and 
convoy.  Along  this  line  of  seaway  from  Dominion  to 
Mother  Land  the  wireless  telegraph  could  regulate  the 
traffic  from  some  Hebridean  mountain,  directing  the 
food  ships  to  such  ports  north  or  south  as  may  present 
the  clearest  approach  at  the  moment.  There  are  dozens 
of  Highland  lochs  into  which  a  grain  carrier  could  fly  for 
safety  from  an  enemy's  cruiser,  into  which  the  cruiser 
could  not  follow.  A  few  miles  of  light  railways  would 
bring  our  markets  into  direct  communication  with  these 
outposts,  from  which  we  could  draw  our  food  supplies 
while  the  enemy  was  haunting  the  sea  lanes  to  Clyde  or 
Mersey  or  Channel.  With  the  opening  up  of  the 
prairies  and  cattle  ranches  of  Canada,  the  trans- 
Dominion  railway,  the  all-British  cable,  a  securely 
guarded  Anglo-Canadian  ocean  roadway,  and  a  pre- 
ferential tariff,  we  should  have  an  all-British  supply  of 
food,  which  it  would  require  all  the  navies  in  the  world 
to  deprive  us  o^. 

DIFFICULTIES. 

For  the  successful  prosecution  of  her  industries  the 
Mother  Country  needs  not  only  an  ample  but  a  cheaj) 
supply  of  the  necessaries  of  life,  and  of  the  raw  material 
for  her  manufactures.  The  Colonies  cannot — as  yet, 
at  any  rate — supply  all  we  want  of  either,  and  an 
Imperial  Zollverein  would  imply,  that  we  should    have 


to  tax  something  of  what  we  import  from  foreign 
countries.  This  is  where  the  difficulty  comes  in; 
Take,  for  instance,  cotton.  This  is  the  raw  material 
of  several  of  our  leading  industries,  and  we  derived 
last  year  337,000  cwts.  of  it  from  British  India,  as 
compared  with  16,000,000  cwts.  from  America  and 
other  foreign  countries.  If  we  are  in  future  to  tax  the 
16,000,000  cwts.  in  order  to  let  the  337,000  cwts.  in 
free,  we  shall  pro  tanto  raise  the  cost  of  the  finished 
products,  in  the  sale  of  which  we  have  to  compete  with 
America,  Germany,  and  Japan.  In  the  case  of  wool, 
another  raw  material  for  a  staple  industr3^  the  position 
is  different,  because  about  five-sixths  of  what  we  import 
comes  from  Australasia  and  other  British  possessions. 
But  we  also  get  a  large  and  increasing  quantity  from 
Argentina,  and  Argentina  is  a  large  and  increasing 
market  for  our  manufactures.  The  British  Empire 
produces  more  than  it  consumes  of  most  things,  and 
therefore  needs  foreign  outlets  for  its  surplus.  But 
it  does  not  produce  as  much  as  it  consumes  of  some 
things,  and  these  things  are  so  essential  to  its  com- 
mercial prosperity  that  we  cannot  have  them  barred  by 
taxation.  And  Mr.  Chamberlain,  for  one,  is  opposed  to 
the  idea  of  taxing  the  raw  material  of  our  national 
industries.  We  shall  have,  in  due  time,  to  weigh  the 
comparative  advantages  and  disadvantages  of  taxes 
upon  manufactures  such  as  we  produce  at  home,  and 
taxes  upon  foodstuffs  such  as  we  produce  in  the  Colonies. 
And  here  it  may  be  suggested  that  as  the  rise  and  fall 
of  freights  does  not  appreciably  restrain  or  increase  the 
shipment  of  American  food  products  to  this  country,  it 
is  not  probable  that  a  moderate  duty  on  American  iron, 
steel,  and  machinery  would  materially  affect  the  ship- 
ments of   these   commodities. 

CONCLUSION. 

The  problem  to  be  solved  is,  how  to  promote  intra- 
Imperial  trade  without  injuring  extra-Imperial  trade.- 
In  approaching  the  question,  we  in  the  Mother  Countrj' 
have  this  to  consider — that  the  axis  of  the  world's 
industries  is  changing.  Within  the  not  very  distant 
future  we  shall  probably  see  Canada  the  centre  of  the 
iron  and  steel  industries,  and  Canada,'' Australia,  and 
India  the  purveyors  of  coal  in  the  whole  Pacific  basin.- 
From  an  Imperial  point  of  view  it  may  not  matter 
whether  Britain  transfers  her  iron  trade  from  Scotland 
to  Nova  Scotia,  or  stocks  her  coahng  stations  from 
New  South  Wales  or  from  old  South  Wales.  The 
Empire  has  immeasurable  and  inexhaustible  means  of 
wealth,  but  in  the  process  of  redistribution  some  parts 
of  it  must  suffer.  We  must  aim  at  preserving  the 
whole. 


Some  Great  Western  Novelties. 

It  is  already  evident  that  Mr.  Churchyard's  accession 
to  the  Swindon  chieftaincy  is  to  be  the  starting  point 
of  several  important  new  departures  on  the  Great 
Western  Railwa^^  Whether  the  startling  locomotive 
novelty,  No.  loo,  which  came  out  during  his  prede- 
cessor's last  year  of  office,  should  more  justly  be 
accredited  to  that  predecessor  or  to  Mr.  Churchward 
himself,  it  does  not  rest  with  the  present  writer  to 
determine  ;  that  in  its  pointed  divergence  from  pre- 
existing Sw'indon  methods  it  might  not  unreasonably 
be  conjectured  to  be  the  product  of  the  newer  mind 
is  no  doubt  true.  At  the  same  time  it  must  be  remem- 
bered that  it  did  not  possess  more  aggressive  charac- 
teristics of  novelty  than  did  the  very  fine  coupled  express 
engines  of  the  "  Atbara  "  class  or  than  those  remarkable 
goods  engines  which  have  six-coupled  wheels  with 
inside  cylinders,  outside  bearings,  and  leading  two- 
wheel  or  four-wheel  bogies.  All  of  these  seem  to  bear 
the  impress  of  a  "  new  broom."  But  it  is  profitless 
to  indulge  in  speculation.  According  to  accepted 
custom,  locomotives  that  have  come  out  during  the 
reign  of  any  particular  chief  mechanical  engineer 
must  be  regarded  as  presumably  of  his  design.  There- 
fore, however  novel — in  some  respects  even  startlingly 
so — may  be  the  "Camel,"  "Atbara,"  "ii,"  "36," 
"  100  "  and  "  26CX)  "  types,  they  must  conventionally 
be  deemed  to  belong  to  the  dynasty  recently  expired. 

But  however  this  may  be,  no  such  doubt  or  question 
can  arise  as  regards  certain  new  engines  that  have 
just  been  built,  or  are  in  course  of  construction,  or  are 
on  the  drawing-sheets  at  Swindon  ;  and  these  are  both 
numerous  and  important.  During  a  recent  visit  to 
the  Swindon  works,  the  writer  of  these  notes  was 
most  courteously  afforded  by  Mr.  Churchward  much 
valuable  information  and  the  opportunity  of  seeing 
a  great  deal  that  possessed  the  highest  interest  from  a 
locomotive  engineering  viewpoint.  In  the  lirst  place 
a  new  batch  of  6-ft.  8-in.  four-coupled  express  bogie 
engines  may  claim  notice.  These  virtually  carry  on 
the  "  Atbara  "  succession,  but  differ  from  their  pro- 
genitors in  respect  of  several  considerable  details. 
Chief  among  these  is  the  new  design  of  boiler  used. 
British    engineers    have    been    steadilv     aii<l     r,i|'idl\ 


awaking  during  the  past  few  years  to  the  recognition 
of  the  fact  that  had  previously  impressed  itself  very 
powerfully  upon  the  minds  of  their  brethren  of  the 
European  and  American  Continents,  namely,  that 
the  supreme  and  all-important  feature  in  the  locomotive 
engine  is  its  boiler,  and  that  no  other  point  or  points 
of  excellence  will  compensate  for  any  deficiency  in 
the  relative  capacity  of  this  vital  part  of  a  locomotive's 
economy.  It  has  come  to  be  realised  that  900  to 
1,000  square  feet  of  heating  surface,  such  as  the  famous 
brothers  Stirling  gave  to  their  finest  and  most  powerful 
engines  designed  for  the  fastest  and  heaviest  express 
work,  is  wholly  insufiticient.  But — and  this  is  equally 
important — it  has  also  come  into  recognition  that 
mere  area  of  heating  surface  is  only  one  factor  in  the 
problem  of  boiler  efficiency,  and  that  very  large  heating 
surface  area  may  co-exist  with  very  small  boiler 
efficiency.  Locomotives  were  constructed  so  long  ago 
as  the  "  forties  "  with  larger  heating  surface  than  that 
possessed  by  all  save  a  numerically  nisignificant  few 
of  present-day  engines.  Yet  no  one  dreams  of  imag- 
ining that  the  steam  generative  capacity  of  their 
boilers  was  even  remotely  correlative  to  their  propor- 
tionate area  of  heating  surface.  Nowadays,  it  is 
growing  to  be  understood  that  the  question  "  how 
much  "  in  regard  to  heating  surface  is  of  greatly  inferior 
importanci-  •■■  ♦•'••  '■''■••••  .....-^''-'i-  ••  wii.t  "  m.' 
"  where." 

Boiler  Novelties. 

rnlortunately,      C^>.ll^■^^^^.■ln  i-      111     i.\l-ii      .  •)  .n.i.  .i.-     ■  ■.. 

these  three  points  seems  to  be  no  nearer  than  ever. 
Within  the  past  few  days  one  eminent  engineer  h.is 
declare<l  to  the  writer  tiiat  he  can  obtain  value  ihrougii- 
out  their  whole  length  from  tubes  15  ft.  long,  whereas 
another  of  eciual  eminence  has  asserted,  with  ccjual 
positiveness.  that  ordinary  tubes  are  practically  worth- 
less a  very  short  distance  from  the  firelK)x.  Similarly, 
the  efficacy  of  water  tubes  traversing  the  firclwx 
would  seem  to  be  conclusively  established  in  the 
case  of  one  imp<jrtant  British  railway,  while  in  other 
directions  the  device  is  deruie<l  as  a  useless  and  costly 
fad.  .Xgain.  some  believe  that  future  salvation  is 
to  be   found   in    the   water-tube  boiler,   one  of    which 
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has  been  for  some  time  in  experimental  use  on  the 
London  and  South-Western.  But  however  doctors 
niav  differ  on  all  other  points  of  boiler  design  and 
construction,  there  does  not  appear  to  be  the  slightest 
divergence  from  unanimity  as  to  the  supreme  desirable- 
ness of  getting  as  much  heating  surface  as  possible 
around  and  close  to  the  firebox  itself.  This  constitutes 
the  salient  principle  of  Mr.  Churchward 's  latest  depar- 
ture as  regards  boiler  construction,  and,  as  was  men- 
tioned in  my  last  month's  notes,  he  has  adopted  the 
boiler  form  which  in  America  is  known  as  the"  extended 
wagon  top,"  but  which  in  this  country  there  is  a 
disposition  to  describe  as  the  "  taper  "  form.  The 
latter  has  the  great  advantage  of  brevity  as  compared 
with  the  somewhat  lumbering  American  designation, 
which  really  conveys  in  itself  little  of  direct  or  accurate 
meaiiing.  The  misfortune  about  the  briefer  English 
term  is  that  it  is  somewhat  misleading,  and  has  a 
tendency  to  convey  an  idea  rather  the  reverse  of  that 
which  is  meant.  To  "  taper  "  is  commonly  understood 
as  implying  the  gradual  diminution  of  diameter.  It 
may  be  said  that  the  "  taper  "  boiler  does  taper  off 
from  the  firebox  toward  the  smoke-box.  That  is 
quite  true,  but,  unluckilv,  it  inverts  the  true  inwardness 
of  the  meaning  because  the  merit  of  the  "  taper  " 
or  "  extended  wagon  top  "  boiler  is  not  that  it 
diminishes  in  size  toward  the  smoke-box,  but  that 
it  expands  in  size  toward  the  firebox — that  instead  of  main- 
taining its  comparatively  small  smoke-box  diameter 
up  to  the  point  where  it  joins  the  firebox,  while  the 
latter  towers  hugely  above  it,  as  in  the  case  of  the 
Great  Western  "  Camels  "  and  earher  "  Atbaras," 
the  boiler  form  now  used  by  Mr.  Churchward  steadilv 
expands  along  its  whole  course  until,  bv  the  tmie  it 
reaches  the  large  Belpaire  firebox,  it  is  practically 
equal  to  that  in  diameter. 

Practical  Advantages. 

It  will  at  once  be  realised  that  this  form  of  con- 
struction, while  by  no  means  a-sthetically  pleasing, 
at  any  rate  until  the  eye  shall  have  become  used 
to  the  novelty,  does  undoubtedly  afford  a  large  incre- 
ment of  heating  surface  in  the  precise  localit}-  where 
that  is  most  needed  and  where  it  is  most  efficient 
in  steam  generation  ;  that  is  to  say,  directly  adjacent 
to  the  firebo.x.  The  new  four-coupled  express  engines 
already  referred  to  are  fitted  with  boilers  of  this  type. 
So  is  No.  98,  the  second  of  the  large  ten-wheeled 
6-ft.  8-in.  six-coupled  express  engines  of  which  No.  100 
was  the  pioneer,  and  one  immediate  result  is  that 
-the  engines  thus  acquire  not  only  a  considerable 
addition  of  actual  heating  surface,  but  also  so  superior 
a  quality  of  additional  heating  surface  that  it  really 
represents  in  efficiency  a  good  deal  more  than  the 
mere  nominal  increment,  and  it  may  reasonably 
be  expected  that  the  fine  steaming  qualities  which 
have  made  the  "  Camels  "  and  "  Atbaras  "  such 
marked  successes  will  be  found  even  enhanced  in 
these  "  taper  "  boilered  successors.  But  the  new 
boiler  form  is  in  course  of  application  to  several  other 
Great    Western    locomotive    types    now    in    course    of 


design  or  construction,  and  these  in  themselves  con- 
stitute departures  of  sufficiently  marked  novelty  to 
merit  some  special  detailed  references. 

Some  New  Locomotive  Types. 

One  of  the  most  remarkable  of  these  is  intended 
for  heavv  goods  and  mineral  traffic  between  South 
Wales  and  the  Metropolis  via  the  Severn  Tunnel. 
Like  all  the  newest  types  of  British  goods  engines, 
it  has  eight-coupled  wheels.  Britain's  tardy  adoption 
of  a  method  which  has  so  long  been  in  extensive  use 
in  every  other  part  of  the  world  finds  its  latest  convert 
in  the  new  Swindon  chief.  But  Mr.  Churchward 's 
colossus,  unlike  the  colossi  of  Messrs.  Webb,  M'Intosh, 
Ivatt,  Worsdell,  and  Robinson,  possesses  what  those 
others  lack — a  leading  two-wheel  bogie  or  pony- 
truck.  It  is,  in  fact,  an  engine  type  known  in  America 
and  the  Colonies  as  the  "  Consohdation."  It  has  a 
vast  boiler  of  extended  wagon  top  order,  and  it  con- 
forms to  the  modern  British  method  which  is  virtually 
the  adoption  of  the  long-existent  European  and 
American  method  of  having  coupled  wheels  only 
4  ft.  3  in.  to  4  ft.  7  in.  in  diameter  for  goods  traffic. 
It  may  be  remarked  here  what  curious  conservatism 
has  been  displayed  by  British  designers  in  adhering 
for  more  than  half  a  century  to  the  stereotyped  wheel- 
diameter  of  5  ft.  for  slow  and  heavy  goods  traffic, 
thus  losing  an  appreciable  proportion  of  the  tractive 
force  which  might  have  been  available  without  gaining 
any  substantial  benefit,  the  argument  in  favour  of 
larger  wheel  diameter  which  may  be  applicable  in 
the  case  of  express  engines  entirely  failing  to  apply 
to  those  intended  purely  for  slow  service.  Noticing 
the  curious  habit  which  has  been  so  prevalent  of 
late  of  employing  six-coupled  goods  engines  with  s-ft. 
wheels  on  express  duty,  one  is  disposed  to  wonder 
whether  this  can  possibly  have  been  foreseen  when 
the  diameter  of  5  ft.,  relatively  large  for  heavy  goods 
and  mineral  service,  was  so  persistently  adhered 
to  instead  of  the  smaller  diameter  of  4  ft.  3  in.  to 
4  ft.  7  in.  used  in  the  eight-coupled  engines  now  being 
generally  employed.  Mr.  F.  W.  Webb,  the  late  Chief 
Mechanical  Engineer  of  the  London  and  North-Western, 
appears  to  have  been  the  only  Britsh  locomotive 
superintendent  who  systematically  employed  in  his 
-six-coupled  mineral  engines,  wheels  of  smaller  diameter 
than  5  ft.  ;  those  of  Mr.  Webb's  "  coal  engines  " 
were  4  ft.  3  in.  The  newer  British  method,  which 
is,  of  course,  the  older  European  and  American  plan, 
certainly  seems  to  ha\e  much  to  recommend  it  from 
a  practical  standpoint. 

Two  Novel  Tank-Engine  Types. 

Two  other  departures  from  the  normal  which  are 
in  course  of  preparation  at  Swindon  belong  to  the 
tank-engine  class.  One  of  these,  which  is  already 
in  course  of  construction,  is  a  ten-wheel  tank-engine 
which  has  six-coupled  5 -ft.'  8-in.  wheels  with  "^a  pair 
of  carrying  wheels  at  each  end  fitted  with  radial  axles. 
In  these  engines  a  shortened  form  of  the  "  taper  " 
boiler  is  used,  and  the  first  of  the  series  will  shortly 
be  at  work.      But  a  more  radical  noveltv  is  to  follow. 
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In  view  of  the  fact  that  water-troughs  arc  now  laid 
down  at  a  number  of  points  along  the  C'.reat  Western 
main  lines,  Mr.  Churchward  is  of  opinion  that  economy 
may  advantageously  be  sought  in  two  directions  : 
first,  in  diminishing  the  size  and  weight  of  the  tenders 
themselves  ;  secondly,  in  dispensing  with  the  tenders 
entirely.  That  is  to  say,  he  believes  that  with  the 
present  multiplicity  of  water-troughs  it  may  be  found 
needless  to  employ  tender  engines  excepting  in 
case  of  trains  which  have  very  long  runs  without  a 
stop.  On  such  non-stopping  journeys,  for  instance, 
as  those  between  London  and  Exeter,  London  and 
Birmingham,  and  that  early  expected  to  come  into 
regular  practice,  London  and  Plymouth,  tender  engines 
must  always  be  used.  But  even  for  these,  tenders 
much  smaller  than  the  ordinary  Great  Western  type 
would  amply  suffice,  carrying  abundant  fuel,  while 
water  can  be  picked  up  at  so  many  points  cii  route 
that  to  haul  about  huge  tanks  containing  from  4,000 
to  6,000  gallons  of  water  is  simply  a  waste  of  power. 
The  London  and  North-Western  has  long  managed 
to  carry  on  its  main-line  express  work  with  tenders 
which  weigh  little  more  than  twenty-live  tons  loaded, 
whereas  the  Caledonian  engines,  which  take  on  their 
trains  beyond  Carlisle,  are  obliged  to  have  tenders  of 
double  that  weight  because  it  has  not  yet  been  found 
feasible  to  equip  the  Scottish  railway  with  Mr.  Rams- 
bottom's  useful  invention  of  the  track-trough  and 
tender-scoop.  Thus  even  in  point  of  diminution 
in  tender  weight  there  will  be  a  gain  equivalent  to 
conferring  on  the  engine  the  power  of  hauling  an 
additional  bogie  coach.  But  another  large  class  of 
express  and  semi-express  trains  has  also  to  be  provided 
for,  and  it  is  in  this  connection  that  the  second,  and 
perhaps  more  interesting,  of  Mr.  Churchward's  tank- 
engine  novelties  may  be  found. 

Express  Tank-Engines. 

It  is  his  idea  that  trains  of  this  class,  such,  for 
instance,  as  those  numerous  fast  trains  which  after 
leaving  London,  stop  at  Reading,  Didcot,  Swindon, 
and  Bath  on  their  way  to  Bristol  ;  or  at  Reading, 
Oxford,  Banbury,  and  Leamington  on  their  way  to 
Birmingham,  might  be  very  economically  and  advan- 
tageously handled  by  a  type  of  tank-engine  specially 
designed  and  built  for  that  class  of  service.  He  is, 
therefore,  about  to  bring  out  a  new  form  of  ten-wheel 
engine  which  may  be  roughly  described  as  a  "  taper  " 
boilered  "  Atbara  "  converted  into  a  tank-engine; 
in  other  words,  it  will  have  a  leading  four-wheel  bogie, 
four-coupled  driving  wheels  6  ft.  8  in.  in  diameter, 
and  a  trailing  pair  of  carrying  wheels.  Coal  bunkers 
will  be  provided  capable  of  providing  an  adequate 
supply  of  fuel,  and  the  tanks  will  be  able  to  hoKl  an 
abundant  water  supply  to  serve  for  the  run  l)etween 
the  respective  pick-up  troughs.  It  may  be  remarked 
that  this  class  of  engine  has  had  an  approximate 
precursor  in  the  latest  type  built  for  the  London, 
Tilbury  and  Southend  Railway,  in  which  6-fl.  'vin. 
coupled  wheels  are  used  ;  the  Great  Western  engines. 
however,  will  have  still  larger  driving  wheels  6  ft.  Hin., 


therefore  the  largest  Cinqiled  wheels  ever  given  to  a 
locomotive  of  the  tank  type.  It  is  a  little  curious  to 
lind  this  idea  adopted  at  the  present  day  on  the  Cireat 
Western  Railway,  for  just  half  a  century  ago  very 
much  the  same  plan  was  formed  by  Mr.  Fearson, 
Locomotive  Engineer  of  the  Bristol  and  Exeter  line, 
which  has  long  formed  part  of  the  Great  Western 
system.  The  germ  of  the  idea  was  undoubtedly  there, 
but  in  Mr.  Churchward's  new  design  all  the  faults  of 
the  Pearson  engines  of  1853  will  be  eliminated,  and 
the  engines  will  be  constructed  with  special  reference 
to  existing  and  prospective  requirement>. 

London  and  South  Western  "  Record." 

It  IS  the  turn  of  the  London  and  South-Western 
to  contribute  the  latest  instance  of  railway  record- 
breaking.  In  its  June  time-tables  it  suddenly  sprung 
a  considerable  surprise  on  the  railway  world  by  taking 
no  less  than  a  quarter  of  an  hour  off  its  best  timing 
between  London  and  Exeter  both  ways.  This  brought 
the  transit  time  down  to  3^  hours  as  against  its 
previous  best  of  3^  hours,  and  against  the  Great 
Western's  best  of  3  hours  35  minutes,  the  latter,  how- 
ever, having  22^  miles  of  additional  distance,  although 
a  generally  less  severe  road.  On  the  2nd  June  the 
London  and  South-Western  ran  its  inaugural  trip  from 
London  to  Exeter,  performing  the  journey  with  relative 
ease  in  two  minutes  less  than  the  booked  time,  although 
there  had  been  a  stay  of  nine  minutes  at  Salisbury, 
and  delays  due  to  relaying  totalling  three  minutes. 
Thus  the  run  from  London  to  Exeter  was  made  in 
3  hours  13  minutes  inclusive,  the  actual  time  being 
3  hours  4  minutes,  the  net  time,  deducting  special 
delays,  3  hours  i  minute,  and  the  net  running  time, 
allowing  for  the  loss  occasioned  by  the  slowing  into 
Salisbury  and  starting  again  from  that  station,  being 
equivalent  to  a  run  without  stop  from  London  to 
Exeter  of  2  hours  57  minutes.  In  other  words,  had 
the  performance  been  exactly  the  same  in  every 
respect,  except  for  the  Salisbury  stop  and  the  casual 
ilelays,  the  London-Exeter  run  would  have  been  accom- 
plished in  2  hours  57  minutes  without  running  faster  at 
any  point  than  was  done  on  June  2nd.  This  is  an 
achievement  which  the  London  and  South-Western 
authorities  may  justly  regard  with  much  complacence. 
The  engines  employed  were  Mr.  Drummond's  latest  type, 
having  6-ft.  7-in.  four-couplcil  driving  wheels,  leading 
bogie,  inside  cylinders  18^  in.  by  26  in.,  i,  51  o.iuare  feet 
of  heating  surface,  and  175  lb. steam  pre.-sure.  Iheenginc 
used  between  London  aiui  Salisbury  had  Mr.  Drum- 
mond's water-tube  iirebox,  the  one  employed  between 
Salisbury  and  Exeter  was  not  lilted  with  the  tubes.  The 
load  totalled  ai>iiroximately  15J  tons  behind  tlie  tender. 
It  may  he  mentioneil  here  that  Mr.  l)rumniond  is 
bringing  out  a  new  exjiress  type  on  the  London  and 
South-Western  which  closely  resembles  the  existing 
design,  but  has  larger  boiler  and  cylinders,  and  coupled 
wheels  0  in.  smaller,  namely.  6  It.  1  in.  in  diameter. 
This  type  will  be  employed  on  the  heavier  grades 
of  the  North  Devon  section,  and  should  do  ^<  n.e  useful 
work.  '      ^'    ^^ 


_,  -  ^^^|n  he    voluminous   report    of 

'  ^^^^'^\\  ^^®  Naval  Reserves  Com- 
m  ji^  mittee,  over  which  Sir 
M  /^ifi  Edward  Gre\'  was  presi- 
dent, is  one  of  the  most 
interesting  and  valuable 
Blue  Books  which  has 
been  presented  to  Par- 
liament for  many  years. 
This  committee  was  con- 
vened in  January  last 
year,  to  inquire  into  the  methods  by  which  the 
Navy  is  manned,  and  to  recommend  how  the 
active  service  ratings  might  be  supplemented 
by  Nava,!  Reserves.  The  report  deserves  atten- 
tive study  by  all  students  of  naval  affairs,  and 
its  recommendations  are  such  as  cannot  fail  to 
receive  support  from  all  thinking  men.  It  was 
necessary  for  the  Committee  to  take  some  point 
in  naval  history  from  which  to  start  in  their 
investigations  and  they  chose  the  year  1859, 
when  a  Royal  Commission  was  ajipointed  for  a 
somewhat  similar  purpose.  At  that  ];eriod 
the  war  with  Russia  had  come  to  an  end,  and 
there  had  been  time  to  examine  the  lessons  to 
be  drawn  from  our  requirements  as  therein 
exhibited.  The  strength  of  the  active  list  of 
the  Navy  stood  at  73,104  and  the  Royal  Com- 
missioners recommended  that  a  reserve  should 
be  formed  numbering  38,000  men.  Many  j-ears 
have  passed,  but  the  limit  then  fixed  has  never 
yet  been  attained,  and  the  Committee  of  1902 
advises  that,  estimating  in  the  same  ratio,  our 
present  active  list  requires  a  reserve  of  61,000, 
whereas  the  actual  strength   is  no  more   than 


34.000.  The  problem  thus  presented  is  in  effect, 
how  to  double  the  present  reserve.  It  is  evident 
that  to  do  anything  of  the  kind  requires  time, 
and  the  Committee  express  their  opinion  that 
it  is  of  vital  importance  to  maintain  a  fully 
trained  body  of  regular  seamen  commensurate  in 
numbers  to  the  expansion  which  has  taken  place 
of  recent  years  in  our  naval  materiel.  For 
some  time  to  come,  then,  the  growth  of  the 
active  list  must  necessarily  continue.  Although 
it  was  almost  a  foregone  conclusion  to  those  who 
had  studied  the  subject  that  the  Committee 
would  arrive  at  this  decision,  an  authoritative 
expression  of  opinion  is  very  welcome. 

Dealing  with  the  augmentation  of  the  Reserve, 
the  Committee  set  forth  in  their  report  a  number 
of  methods  by  which  they  consider  the  desired 
result  mav  be  achieved.  Circumstances  and 
conditions  have  so  changed  during  the  last 
half  century  that  proposals  and  suggestions 
which  might  have  had  a  value  in  years  gone  by 
are  now  entirely  out  of  date.  As  the  Committee 
point  out.  the  requirements  of  the  Navy  have 
outgrown  the  power  of  the  Mercantile  Marine 
to  supi)lv  them.  The  former  have  increased 
while  the  numbers  of  British  seamen  employed 
in  the  merchant  service  have  decreased.  At 
the  same  time  the  Committee  are  of  opinion  that 
the  mercantile  marine  is  still  far  from  being 
exhausted  as  a  source  of  supply.  And  this  is 
especially  the  case  as  regards  a  reserve  of  firemen. 
By  the  last  return  the  actual  number  of  stokers 
in  the  Navy  was  a  little  more  than  20,000,  and 
on  the  other  hand  the  reserve  was  a  little  below 
4.000.     The  Committee  are  of  ojiinion  that  the 
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mercantile  marine  might  be  made  to  yii'Kl  at 
least  2,000  more  than  it  does  at  i:)resent.  The 
increase  of  stokers  in  the  merchant  service  is 
noteworthy.  There  were  in  1875  a  total  of 
13,000  men  of  British  birth  serving  in  the 
mercantile  marine  as  firemen,  and  in  1901  the 
number  had  increased  to  23.500.  During  the 
same  period  the  active  list  of  stokers  in  the  Na\'y 
had  increased  from  4,200  to  21,400.  It  does  not 
appear,  therefore,  that  even  if  the  Reserve 
from  the  merchant  service  could  be  increased  to 
6,000  that  number  would  be  adequate  in  pro- 
portion to  the  active  ratings,  and  other  means 
must  be  found  for  expanding  the  force.  It  has 
been  suggested  that  all  the  ships  subsidised 
by  Government  should  be  required  to  carrj-  crews 
composed  either  of  Royal  Naval  Reservemen. 
or  Royal  Fleet  Reservists,  but  the  shipowners, 
while  admitting  that  the  proposal  is  reasonable, 
explain  that  they  already  find  a  difficulty  in 
providing  the  proportion  of  "  white  firemen  " 
which  is  stipulated  for  in  the  agreements  they 
have  made  with  the  Government.  They  there- 
fore employ  Lascars,  who  are  admissible  as  a 
substitute  by  the  terms  of  the  agreement,  and 
who,  while  they  are  cheaper — an  advantage 
from  the  shipowners'  point  of  view — are  at  the 
same  time  reported  upon  very  favourably. 
For  this  reason  the  Committee  regards  both 
Lascars  and  Kroomen,  who  also  make  good 
stokers,  as  material  which  might  be  drawn  uj^on 
in  an  emergency.  It  is  to  be  remembered 
moreover,  that  to  withdraw  a  large  number  of 
white  stokers  from  the  mercantile  marine  on 
an  outbreak  of  war  might  have  the  effect  of 
crippling  many  of  the  shipping  companies  at  a 
time  when  such  a  result  would  have  a  fatal 
effect. 

Other  sources  suggested  as  possible,  from 
which  a  supply  of  stokers  might  be  drawn  are 
the  private  ship  yards  of  the  country,  where 
there  are  many  eligible  men.  who  have  relin- 
quished a  life  at  sea.  In  the  gas  and  electric 
light  works,  too,  there  are  numbers  of  men 
accustomed  to  the  similar  work,  and  it  has  been 
proposed  to  establish  naval  volunteer  corjjs  at 
such  centres.  It  would  be  unnecessary  with  the 
admirable  system  of  training  stokers  which  has 
been  established  at  the  dockyards  to  send  such 
men  to  sea  for  any  great  length  of  time.     P.ut 


the  solution  ol  the  jirdlilem  will  in  all  probabiliu 
be  found  in  the  new  Admiralty  scheme  by  which 
every  seaman  will  undergo  instruction  in  the 
stoke -hold,  and  in  this  way  an  adequate  number 
of  firemen  will  always  be  carried  in  the  ships. 
As  regards  the  seamen  reserve,  the  Committee 
make  further  recommendations,  and  particularly 
they  urge  that  the  fishermen  who  form  such  a 
large  proportion  of  our  maritime  jiojiulation 
should  be  more  largely  drawn  upon.  It  is 
pointed  out  that  in  one  fishing  district  alone 
over  50,000  men  are  engaged  while  it  yields 
but  2.000  reserve  men.  By  the  offer  of  higher 
inducements,  and  by  a  moderate  relaxation  of 
the  standard  of  training,  it  is  probable  that 
recruiting  in  this  direction  might  be  still  further 
stimulated.  The  Bill  for  re-establishing  a  Naval 
volunteer  corps  of  seamen  and  marines  has 
now  become  law,  and  before  long  we  may  see  the 
growth  of  a  valuable  force  provided  by  this 
means.  There  is  also  the  new-instituted  Royal 
Fleet  Reserve,  which  the  Committee  desire 
should  be  increased  as  far  as  possible,  without 
impairing  the  principle  of  continuous  service, 
and  with  due  regard  to  maintaining  an  ample 
supply  of  competent  men  for  the  higher  skilled 
ratings.  The  growth  of  this  force  has  been 
largely  accelerated,  and  there  can  be  no  question 
but  that  the  Admiralty  are  determined  to 
grapple  with  this  important  question  of  building 
up  an  adequate  reserve. 

GREAT  BRITAIN. 

Actual  progress  in  cunbiruciiuii  since  my  last  Notes 
were  written  has  been  steady  without  any  of  those 
incidents  which  indicate  a  stage  towards  completion. 
With  regard  to  the  vessels  of  this  year's  programme. 
the  only  announcement  of  importance  is  to  the  effect 
that  one  of  the  armoured  cruisers  of  the  Duke  of  Edin- 
bufiih  class  is  to  be  laid  down  at  Pembroke  Dockyard, 
and  it  has  been  suggested  that  this  vessel  will  be  called 
the  Duke  of  York.  Passing  from  what  ma\-  be  called 
projected  ships,  we  come  to  the  ves.sels  of  the  pro- 
grammes  of  k^oj-j.  The  battleships  of  A'i«i,'  Edward 
VI[.  class  are  arriving  at  that  stage  wlien  tlie  date  of 
launching  may  be  expected.  We  have  already  reported 
tlie  launch  of  the  CommouwcalHi  on  May  ijth.  lier 
weiglit  when  floated  iieing  about  S.oou  tons.  The 
date  fixed  for  tlie  Kina  Edward  VII.  to  be  put  afloat 
at  Devonport  Dockyard  is  July  -'3rd.  and  that  of  the 
Dimiiuioii  at  Barrow  on  .\ngust  2^lh.  This  leaves  the 
dates  for  launching  the  Hindiislau.  at  Clydebank.  :v\u\ 
tlie  Xe-w  Zcalatid,  at  Portsmouth,  to  be  anuMuii.  ■  I 

Of  the  two  armoured  cruisers,  the  Bht  '  'd 
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licr  keel  laid  at  the  yard  of  the  Thames  Ironworks 
Company  on  June  3rd,  and  she  is  to  be  completed  at 
that  yard,  receiving  her  guns  from  Elswick  there, 
instead  of  going  to  a  dockyard  for  the  purpose.  The 
time  allowed  by  contract  for  completing  this  ship  is 
three  years.  The  battleship  Exmouih  has  been  com- 
missioned and  sent  to  the  Mediterranean  to  take  the 
place  of  the  Victorious,  as  anticipated  in  these  Notes. 
She  will  there  meet  her  sister  ship,  the  Russell,  these 
two  vessels  being  the  most  modern  battleships  on  the 
station.  The  Canopiis,  battleship,  which  recently 
returned  from  the  same  station  has  been  sent  to  Messrs. 
Laird's  yard  at  Birkenhead,  for  ref.t. 

Turning  to  the  armoured  cruisers,  the  Leviathan 
has  been  commissioned  for  service  on  the  China  station, 
after  undergoing  certain  alterations  suggested  by 
experience  in  her  sister  ships.  Improvements  have  been 
carried  out  in  her  ventilation  below  the  water  line, 
but  the  statements  that  her  lower  deck  guns  were  to 
be  removed  appears  to  have  been  erroneous. 

An  accident  on  board  the  Good  Hope  while  prize- 
firing  near  Gibraltar,  on  June  9th,  was  unfortunately 
the  cause  of  the  death  of  two  men  and  injury  to  an 
officer  and  three  others.  The  official  report  states 
that  the  "  anchor  bolt  of  an  element  in  a  boiler  carried 
away,"  w^hch  resulted  in  an  escape  of  steam  into  the 
stokehold. 

Several  of  the  smaller  armoured  cruisers  have 
made  their  trials,  but  not  with  altogether  satis- 
factory results.  The  Eitryahts  and  the  Essex  have 
returned  to  the  yards  for  further  alterations.  On  the 
other  hand,  the  Monmouth  and  the  Berwiek  have 
accomplished  successful  runs.  The  Monmouth  com- 
pleted an  interesting  series  of  progressive  speed  trials 
to  determine  the  effect  of  the  use  of  propellers  with 
increased  surface  and  coarser  pitch  than  in  the  case 
of  the  screws  tried  in  preceding  vessels  of  this  class. 
This  vessel  is  supplied  with  Belleville  boilers.  At 
the  eight  hours  full  power  run  the  results  were  as 
follows:  Vacuum,  26-5  starboard,  26  port;  revolu- 
tions, 140  starboard,  138  port;  i.h.p.  11,049  star- 
board, 11,140  port,  giving  a  collective  h.p.  of  22,189; 
and  a  speed  of  22-8  knots.  The  coal  consumption 
worked  out  at  1-97  lb.  per  i.h.p.  per  hour.  I'nder 
more  favourable  conditions  as  regards  weather  it 
is  probable  that  a  higher  speed  might  be  attained. 
Particular  interest  attached  to  the  relative  results 
obtained  with  the  use  of  different  propellers.  Those 
in  the  Bedford  w-ere  of  the  same  diameter,  15  ft.  9  in., 
but  the  pitch,  which  in  the  Bedford  was  19  ft.  2  in., 
was  in  the  case  of  the  Monmouth  increased  to  20  ft., 
and  the  surface,  which  in  the  former  ship  was  57  square 
feet,  was  increased  m  the  latter  to  80  square  feet. 
With  16,005  i-h.p.  in  the  Bedford  the  speed  obtained 
was  22-2  knots,  and  with  22,437  i-li-P-  the  speed  was 
22-7  knots  ;  similar  horsepowers  in  the  Monmouth 
gave  21-4  knots  and  22-8  knots.  The  Bcrimck  attained 
even  better  results.  This  vessel  is  supplied  with 
Kiclausse  boilers,  and  for  her  full  power  trial  the  follow- 
ing are  the  figures  :  Vacuum,  2j  in.  ;  revolutions, 
140-4  ;    collective  h.p.,  22,680  ;    coal  consumption  per 


i.h.p.,  I •91  lb.  ;  and  speed,  23-613  knots.  These  are 
the  best  results  yet  obtained,  and  show  that  with 
efficient  working  of  boilers  and  machinery  the  County 
class  should  attain  a  speed  well  over  23  knots.  The 
Monmouth  was  built  and  engined  by  the  London  and 
Glasgow  Shipbuilding  Company,  and  the  Berwick 
was  built  by  Messrs.  Beardmore  at  Govan,  the  Niclausse 
boilers  being  supplied  by  jMessrs.  Humphrys,  Tennant 
and  Co.,  Deptford. 

A  report  from  Hong-Kong  states  that  the  Spartiale 
made  a  capital  run  to  that  port  on  her  maiden  trip. 
She  averaged  on  the  voyage  13  knots,  which  is  her 
ordinary  cruising  speed,  and  expended  2,600  tons  of 
coal  on  the  vovage,  which  gives  an  average  of  2  lb. 
per  i.h.p.  for  all  purposes.  The  Amphitrite  cruiser, 
on  the  same  voyage  at  an  average  speed  of  13  knots, 
consumed  3,900  tons,  while  the  Blenheim,  cruiser, 
fitted  with  Scotch  boilers,  used  nearly  4,000  tons  for 
an  average  speed  of  less  than  1 2  knots. 

Of  small  vessels,  the  Encounter,  at  Devonport,  is 
to  be  ready  for  sea  in  July,  1904.  The  Jason,  gunboat, 
which  has  been  refitted  at  the  Fairfield  Company,  has 
carried  out  her  trials.  The  results  of  the  full  power 
trip  give  a  mean  i.h.p.  of  5,732,  revolutions  341,  speed 
21-93  knots.  The  Spiteful,  torpedo-boat  destroyer,  has 
made  her  first  run  since  being  fitted  for  oil  fuel  trials, 
wdth  fairly  satisfactory  results.  The  torpedo-boat 
destroyer  Arun  was  launched  on  April  29th,  from 
the  works  of  Messrs.  Laird,  at  Birkenhead,  and  torpedo- 
boat  N0.113  has  been  delivered  at  Sheerness  from  the 
yard  of  Messrs.  Thornycroft. 

The  date  of  the  launching  of  Submarine  A4,  at 
Barrow,  was  June  9th. 

FRANCE. 
Some  trials  recently  carried  out  on  the  Henri  IV. 
have  been  discussed  largely  in  the  press.  Two  sheep 
were  enclosed  in  the  lower  turret  of  the  battleship, 
while  the  hea%-y  guns  of  the  superimposed  turret  were 
fired,  and  the  autopsy  showed  that  one  of  them  suffered 
severe  injury  to  the  heart,  and  the  other  to  the  brain. 
The  experiments  were  not,  however,  considered  to 
be  conclusive,  and  further  trials  were  ordered. 

Progress  on  the  armoured  cruiser  Leon  Gambetta, 
at  Brest,  has  been  rapid.  All  her  three  screws  are 
now  in  position,  and  some  of  the  armour,  including 
that  for  the  conning  tower,  has  been  fixed  in  her. 
The  foremast  has  been  stepped. 

The  armoured  cruiser  Marseillaise  has  been  under 
trial,  and  made  at  her  preliminary  run  21  knots  with 
her  engines  developing  20,700  h.p.,  as  against  20,500 
contracted  for.  The  coal  consumption  was  35-84  lb. 
per  square  foot  of  grate  per  hour,  and  the  quality  of 
coal  used  was  very  inferior.  On  a  subsequent  trial 
the  engines  broke  do\\ni  quite  inexplicably,  but  on  an 
examination  being  made,  it  was  discovered  that  a 
workman  had  left  a  hammer  in  a  piston  box.  The 
trial  subsequently  proceeded  smoothly. 

In  the  matter  of  submarines,  the  French  Navy  is 
already  well  provided,  but  it  is  expected  that  by  the 
end  of  the  year  another  twelve  will  have  been  com- 
pleted and  delivered.      These  vessels  will  all  be  of   the 
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type  of  the  Kaiade,  which  was  to  have  been  completed 
in  the  spring,  but  which  has  yet  to  complete  her  trials. 
At  Cherbourg  four  vessels  are  building.  At  Cherbourg, 
besides  the  Naiadc.  there  are  three  boats  building,  the 
Protee,  Lynx,  and  Ludioii,  which  should  all  be  ready 
this  summer  ;  at  Rochefort  the  Louln-  and  the  Castor 
are  under  way  ;  and  at  Toulon  there  are  six,  the 
Perle,  Esturgeon,  Bouite.  Jlion.  Soufflcur.  and  Doradc, 
are  in  various  stages  of  advancement. 

Moreover,  the  hulls  of  the  Aiguille.  GrouJhi,  Tmitc. 
Alose,  Cigogne,  and  Aigreile  are  well  advanced,  but 
these  vessels  will  not  be  completed  by  the  end  of  the 
current  financial  year. 

GERMANY. 

Another  new  battleship  has  taken  the  water.  /, 
which  was  laid  down  at  the  Schichau  Yard,  Dantzic, 
having  been  launched  on  May  i6th,  received 
the  name  of  Elsass  (Alsace).  At  the  same  time  it  was 
announced  that  M,  building  at  the  same  yard,  would 
be  named  Lothringen  (Lorraine).  These  vessels  are 
sister  ships  to  the  Braunschweig,  which  was  described 
recently  in  these  notes. 

An  interesting  experience  was  that  of  the  First 
German  Squadron,  which,  under  the  command 
of  Prince  Henry  of  Prussia,  recently  visited  the  coasts 
of  Portugal.  The  whole  squadron  passed  through 
the  Kaiser  Wilhelm  Canal,  and  this  was  the  first  time 
that  the  vessels  of  the  Wittelsbach  class  had  attempted 
the  feat.  They  are,  of  course,  heavier  and  longer 
than  the  vessels  of  the  Kaiser  class,  and  a  good  deal 
of  strategic  importance  appears  to  have  been  attached 
hy  the  German  authorities  to  the  successful  accom- 
plishment of  the  passage.  At  one  time,  however,  it 
is  affirmed,  the  screws  of  the  Wittelsbach  were  revolving 
only  three  feet  from  the  bottom  of  the  Canal. 

RUSSIA. 

The  Russian  Admiralty  has  recently  ordered  the 
laying  down  of  two  more  battleships  for  the  Black 
Sea  Fleet,  one  at  Nicolaeff,  and  the  other  at  the  Sevas- 
topol Admiralty  Yard.  These  vessels  are  to  be  of 
12,000  tons,  but  further  details  have  not  been  reported, 
although  it  is  believed  that  the  engines  will  be  made  by 
private  firms.  Three  new  torpedo-boat  destroyers  are 
also  reported  to  be  under  consideration,  to  be  built  by 
private  lirms,  and  to  be  of  the  same  type  as  the  Zavietui. 
which  w^as  built  at  Nicolaeff.  The  Russian  Black 
Sea  Fleet  now  consists  of  seven  battleships,  the 
Potemkin,  Tri  Sviatetilia  Rostislav,  Georghi  Pobyedonoscts, 
Dvenadsat  Apostolov,  Sinope,  and  Tchesma,  the 
Ekaterina  being  at  present  laid  up  f<jr  repairs  to  her 
machinery. 

UNITED     STATES. 

The  contracts  for  the  building  of  the  Kansas,  Vermont. 
and  Minnesota  have  been  awarded  to  the  Newport 
News,  New  York,  and  Fore  River  Shipbuilding  Com- 
panies    respectively.     According     t-     tii.-      Vm.Tu.ni 


papers,  the  bids  are  oi  .n4,-._,  -aj,  which  leaves  Utile 
margin  tor  equipment. 

The  race  in  the  building  of  the  Lousiana  and  Con- 
necticut has  been  seriously  hampered  by  the  strike 
at  the  New  York  Navy  Yard,  whereby  work  on  the 
Connecticut  has  been  hopelessly  delayed.  .\t  the  time 
of  writing,  it  does  not  seem  as  if  the  strike  would  be 
over  very  soon,  and  the  battleship  will  not  be  finisheil. 
to  all  appearances,  until  some  little  time  after  her 
sister. 

With,  reference  to  the  failure  of  the  boders  ot  the 
battleship  Maine,  it  is  to  be  noted  that  the  Secretary  of 
the  Navy  has  let  fall  some  significant  remarks  Irom 
which  it  has  been  gathered  that  the  Board  is  not 
altogether  favourable  to  Niclausse  boilers,  and  their 
opinion  does  not  favour  the  view  that  the  boilers 
failetl  from  lack  of  proper  feed  water  and  attention.* 

The  battleships  Rhode  Island  and  Xew  Jersey ,  now 
building  at  the  Fore  River  shipyard,  have  got  forward 
verv  fast,  and  the  backing  of  the  forward  turret  barbette 
is  being  set  up.  This  is  a  wall  of  J-in.  steel,  extending 
from  the  protective  deck  to  and  above  the  nuin  deck, 
forming  a  cylinder  26  ft.  in  diameter.  On  this  ste-.-l 
backing  will  be  fastened  the  teak  wood  backing  to 
the  armour,  and  over  that  the  lo-in.  steel  plates. 

The  armoured  cruiser  Pennsylvania  is  to  be  launched 
on  .\ugust  26th  next,  the  ceremony  being  performed 
by  Miss  Susan  Quay,  daughter  of  the  Senator  for 
Pennsylvania.  Other  armoured  cruisers  which  are 
progressing  rapidly  are  the  California  and  South 
Dakota,  and  the  Des  Moines,  into  which  the  funnels 
have  already  been  built,  and  which  is  now  nearly 
ready  for  a  dock  trial.  The  Tacoma  was  launchetl  on 
June  2nd  last. 

Two  torpedo-boat  destroyers,  the  Date  ami  thc 
Paul  Jones,  have  been  accepted  by  the  Navy  Board, 
and  tentatively  planshave  been  drawn  up  (or  a  "'  scout  " 
class,  similar  to  those  of  the  British  Navy.  The  gun- 
boats Dubuque  and  Paducah  are  to  be  budt  by  the 
Seabury  Company  of  New  York. 

The  gunboats  will  measure  174  ^t-  'J'>  l*'^''  water 
hne,  and  35  ft.  extreme  breadth.  With  1.085  »">»^ 
displacement,  thev  will  have  a  total  coal  bunker 
capacity  of  200  tons.  Their  armament  will  consist  of 
six  4-in.,  four  6-pounders.  and  two  i -pounder  rapul- 
fire  guns,  and  two  Colt  automatic  guns.  Vertical 
twin-screw,  triple-expansion  engines  will  propel  them. 
The  contract  speetl  of  the  gunboats  is  i  j  knots.  Com- 
bining great  seaworthiness  with  a  mean  draught  of 
only  13  ft.  at  full  load,  the  new  gunl>oats  arc  to  Ik*  of  a 
type  specially  suited  and.  in  (act.  intended  (or  service 
on  the  shallow  rivers  of  South  .\merica  ami  the  harUiur- 
o(  the  West  Indies,  where  revoluti«)ns  frequently  call 
(or  the  presence  of  inen-o(-v\ar  to  protect  American 
interests,      rhe  time  for  completior.  is  eighteen  months. 


•  .\   further  re(erencc  to   this  matter  will    be  found 
111  t)ur  ".\merican  Resume." — Fd. 
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LONDON,  June  20th,  1903. 
The  Wage  Question. 

The  labour  crisis  in  the  engineering  branch  of  the 
shipbuilding  trade  on  the  North-East  coast  of  England 
and  in  Scotland,  to  which  reference  was  made  in  previous 
issues,  has  passed  over  for  the  present.  The  members 
of  the  A.S.E.,  in  their  local  blanches,  adopted  resolutions 
disapproving  of  the  arrangement  made  by  their 
executive  officials,  that  the  reductions  proposed  by  the 
employers  should  be  accepted  just  now,  but  that  the 
question  of  wages  may  again  be  raised  on  the  ist  August 
and  not  deferred  until  ist  November,  as  would  have 
been  the  case  in  ordinary  circumstances.  While 
disapproving,  however,  the  men  m  both  districts  have 
fallen  in  with  the  arrangement.  There  has  been  a 
good  deal  of  talk  in  trade  union  circles  at  the  previous 
rebellion  of  the  engineers  in  the  North  against  their 
own  executive,  and  the  conduct  of  the  latter  has  been 
generally  approved.  They  insisted  upon  respect  for 
the  authority  delegated  to  them  by  the  society,  and 
rightly  decla'red  that  their  duty  was  to  consider  and 
safeguard  the  interests  of  the  whole  society  of  94,000 
men,  not  to  bow  to  the  violence  of  the  few  thousand 
men  in  the  marine  engine  shops  of  the  North.  Mr. 
Barnes,  the  General  Secretary  of  the  A.S.E.,  and 
Parliamentary  candidate  for  one  of  the  Glasgow- 
divisions  in  the  Labour  interests,  has  been  very  unfairly 
treated  by  Glasgow  men  in  this  connection,  but  he 
has  earned  general  respect  by  his  firmness  and  inde- 
pendence. 

The  North  of  England  and  Scotch  employers  have 
consented  to  allow  the  wage  question  to  be  re-opened 
by  the  engineers  on  the  ist  of  August,  because  at  that 
date  will  expire  the  arrangements  made  previously 
with  the  boilermakers,  riveters,  shipwrights,  carpenters, 
smiths,  etc.  And  it  is  proposed  that  the  next  arrange- 
ment shall  be  made  a  sort  of  general  treaty  with  the 
whole  of  the  trade  unions  concerned  in  the  shipbuilding 
industry.  On  their  pait,  the  trade  unions  hope  that 
in  the  "interim  there  may  be  such  an  improvement 
m  trade  that  they  may  be  able  to  claim  a  return  of  the 
;  per  cent,  reduction  to  which  they  are  now  consenting. 
It  is,  however,  contrary  to  experience  to  expect  im- 
])rovement  in  shipbuilding  in  the  months  of  June  and 
July.  The  rule  is  that  contracting  is  at  a  minimum 
in  the  summer  months,  when  shipowners  and  ship- 
building "  bosses  "  take  their  vacations,  and  when 
also  the  men  have  their  spell  of  holidays.  East  summer 
there  was  rather  an  exceptional  little  run  of  business, 
but  it  would  be  foolish  to  look  for  any  repetition  of  this. 
Moreover,  costs  wi)l  have  to  come  down  a  good  bit  yet 
before  shipowners  will  be  tempted  to  add  more  to  their 
fleets  than  actual  necessity  compels.  It  is  true  that 
pig-iron  warrants  have  dechned  considerably  during  the 
past  month,  in  sympathy  with  the  appearance  of 
decline  in  America,  but  up  to  the  time  of  writing 
smelters  have  not  reduced  their  prices  proportionately, 
because  they  have  been  till  now  fully  employed  with 
contracts,  and  also  because  (in  Scotland,  at  any 
rate)  they  have  had  labour  troubles  of  their  own 
impending. 
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Shipping  Outlook. 

There  was  in  April  and  May  a  fair  amount  of  contract- 
booking  by  shi})builclers  in  the  North  of  England, 
but  then  the  yards  there  were  very  bare  to  begin  with. 
In  Scotland  there  has  not  been  so  much  booking, 
but  builders  there  have  a  larger  amount  of  work  carried 
forward.  It  is  quite  possible  that  more  contracts  have 
been  booked  than  have  been  revealed  during  the  weeks 
in  which  the  wages  controversy  was  being  carried  on. 
but  not  materially  so.  Soon  "after  these  lines  are  in 
print  both  the  trade  returns  and  Lloyd's  half-yearlv 
statistics  will  be  in  evidence.  It  will' be  sutficient  to 
deal  with  these  when  they  appear,  but  we  do  not 
anticipate  that  they  will  be  encouraging.  The  returns 
of  the  Labour  Department  of  the  Board  of  Trade  are 
deceptive  as  to  the  condition  of  shipbuilding.  They 
gave  the  proportion  of  unemployed  in  May  as  9-6 
per  cent.,  but  this  was  only  from  the  reports  of  certain 
trade  unions,  not  the  whole  of  them.  On  the  Tyne  the 
proportion  was  13-6  per  cent.,  on  the  Wear  15-8  per 
cent.,  on  the  Tees  i8-8  per  cent.,  and  on  the  Clyde 
7-4  per  cent.  The  fact,  however,  is  that  the  percentage 
of  unemployed  on  new  cons^tructional  work  was  much 
greater,  the  proportion  of  the  total  being  reduced  by 
the  large  amount  of  repair  work  that  shipowners  have 
deemed  it  well  to  have  done  while  the  freight  markets 
are  so  depressed. 

The  P.  and  0.  s.s.  "Palermo." 

A  new  P.  and  O.  liner  is  always  an  interesting  feature 
in  shipping,  and  one  marked  the  past  month — launched 
by  Messrs.  Barclay,  Curie  and  Co.,  Ltd.,  Glasgow. 
It  is  a  large  finely-modelled  steel  twin-screw  steamer 
called  Palermo,  of  which  the  dimensions  are  ;  Length, 
496  ft. ;  breadth,  57  ft.  3  in.;  depth  moulded,  35  ft.  9  in. ; 
and  the  gross  tonnage  is  7,6cx).  This  vessel 
has  been  built  to  the  British  Corporation's  highest 
class.  A  limited  number  of  passengers  will  be  housed 
under  the  bridge  in  commodious,  well-appointed  state 
rooms.  The  officers'  quarters  are  also  under  the  bridge, 
the  crew  being  accommodated  in  the  poop  and  fore- 
castle. There  is  a  complete  installation  of  electric 
light,  and  a  cellidar  double  bottom  is  fitted  throughout 
for  carrying  water  ballast.  The  arrangements  for 
working  cargo  include  ten  large  steam  cranes,  four 
winches,  and  five  derricks  (one  for  taking  lifts  up  to 
thirty  tons)  to  ensure  the  most  rapid  discharge  of  very 
large  cargoes,  and  wide-spaced  built  pillars  are  fitted 
in  the  holds  and  between  decks  to  facilitate  the  stowing 
of  goods.  The  vessel  is  to  be  rigged  as  a  two-masted 
fore-and-aft  schooner.  The  builders  construct  the 
machinery,  which  consists  of  twin-screw  triple  expansion 
engines,  with  cylinders  of  22i  in.,  37  in.,  and  (m\  in. 
by  48- in.  stroke,  working  at  a  pressure  of  185  lb.  Steam 
is  supplied  by  two  large  double-ended  boilers,  with  a 
smaller  boiler  for  auxiliary  steam. 

Admiralty  Contracts. 

The  Fairfield  Shipbuilding  and  Engineering  Com- 
pany, Ltd.,  Glasgow,  completed  their  contract 
with  the  Admiralty  for  supplying  and  fitting  new 
engines  and  boilers  to  H.M.  torpedo-gunl)oat  Jason. 
and  the  official  trials  were  carried  out  on  the  Firth  of 
Clyde.  On  the  low-power  trial  a  sj)eed  of  i  5  knots  was 
attained  with  1,185  i.h.p.  develojjed,  and  on  the  full- 
power  trial  of  four  runs  over  the  measured  mile  at 
Skelmorlie  the  results  were  :  Mean  i.h.p.,  5,732  ;  mean 
revolutions,  341  ;  mean  speetl,  21-95  knots.  In  other 
vessels  of  this  class  the  speed  attained  on  trial  was 
about    20J    knots,    but    with    about   6,000   i.h.p.     The 


Jaioii  is  being  fitted  out  comjilctc  for  the  Fleet  Reserve. 
H.M.  torpedo-gunboats  Ciicf  and  Lcda  are  also  at 
Fairlii'ld  sji-ttim;  new  entjines  and  boilers. 


H.M.S.  "Commonwealth." 

An  im|)urt;nu  >lii])l)uilding  event  lias  been  the 
launch  by  the  Fairlield  Company,  of  the  battle- 
ship Commouwcalth,  the  largest  warship  now  afloat. 
Her  tonnage  is  16,350  tons  displacement,  while  the 
largest  previous  British  ship  was  the  Fonuidablc, 
of  15,000  tons.  The  hull  of  the  Cunimouurnllh  is  of 
Admiralty  quaUty  mild  steel.  The  ram,  stem,  stern 
post,  brackets,  etc.,  are  made  of  cast  steel.  The 
weight  of  the  ram  is  about  28  tons.  There  is  a 
double  bottom  and  close  sub-division  by  water-tight 
bulkheads  and  flats.  The  armour  is  on  the  Krupp 
system,  manufactured  by  Charles  Cammell  and  Co., 
Ltd.,  at  their  Cyclops  Works,  Sheffield.  The 
depth  of  the  broadside  armour  extends  to  22  ft.  (instead 
of  15  ft.,  as  in  previous  ships),  and  the  thickness  varies 
from  9  in.  above  the  waterline  to  7  in.  at  the  upper 
deck,  abreast  of  the  vital  parts  of  the  ship,  and  3  in. 
forward  and  2  in.  at  the  after  end.  To  afford  to  the 
Commonwealth  the  same  protection  in  the  old  type  of 
armour  as  is  given  by  the  present  system,  the  weight  of 
material  necessary  would  be  from  two  to  three  times 
the  weight  of  armour  actually  placed  on  the  ship.  The 
Commonwealth  was  ready  for  launching  before  the  end 
of  April,  but  was  kept  back  in  view  of  the  King's  visit 
to  Glasgow,  in  hope  that  he  might  be  present  at  the 
launch.  The  construction  of  this  vessel  up  to  the 
launching  stage  within  ten  months  is  a  record  in  ship- 
building. The  Commonivcalth  is  the  first  battleship 
ever  built  at  Glasgow  (though,  of  course,  lots  of  f)ther 
kinds  of  warships  have  been  built  there),  and  she 
will  be  the  first  completed  in  every  detail  before  leaving 
the  hands  of  the  contractors.  Her  launching  weight 
was  8,000  tons.  The  Commonwealth  was  very  appro- 
priately baptised  with  Australian  wine. 

Important  Amalgamation. 

A  cuinbiiic  has  liceii  ellected  between  Wighani- 
Richardson  and  Co.,  Ltd.,  shipbuilders, Walker-on-Tyne, 
and  C.  S.  Swan  and  Hunter.  Ltd..  shipbuilders. 
Wallsend.  The  nominal  capital  of  the  amalgamated 
companies  is  £1,500,000,  divided  into  8oo,c<oo  urtiinary 
shares  of  £1  each,  and  700,000  cumulative  5  jier  cent, 
preference  shares  of  /i  each.  The  consideration  to  be 
paid  to  Wighain-Richardson  and  Co.  for  all  assets, 
goodwill,  liaiiilities,  anil  undertaking  as  per  balance- 
sheet  of  Deceinlier  31st  last,  excepting  the  ainuuiit 
of  cash  paid  in  dividends  this  year,  and  the  sum  of 
^10,000  necessaiy  for  expenses  of  liquidation,  but 
including  shares  acquired  in  the  Wingrove  Steamship 
Comj)aiiy,  Ltd.,  in  January  last,  is  ty>^.^w  in 
shares  of  the  new  cominmy.  namely,  1 58. 125  of  "5  per 
cent.  i)reference  shares,  and  £206,225  orilinary  shares  ; 
and  the  consideration  to  be  jiaid  tt)  tlie  lirm  of  Swan 
and  Hunter,  Ltil.,  is  £564.750.  partly  ordinary  and 
partly  jireference  shares  of  the  new  company.  One 
of  the  purpo.ses  of  the  new  company,  it  is  stated,  is  to 
secure  controlling  inlluence  in  other  neiglilMnirinji 
concerns,  ami  with  that  in  view  a  proposal  has  Ix-en 
made  which  will  enable  it  to  acipiire  financial  interest 
in  the  Wallsend  Slipway  and  luigineering  Coini)any, 
and  to  have  control  over  that  coniiiaiiys  niacliinery 
output.  The  business  ol  Wigham-Ricliardsoii  and  Co, 
is  one  of  the  oldest  on  the  lyne,  dating  back  to  the 
sixties.  The  yard  of  C.  S.  Swan  and  Hunter  is  one  of  the 
best  equipped  in  the  country,  but  has  no  engine  shops. 
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The  Wall.send  Shpway  and  Engineering  Company  dates 
from  1 87 1 ,  and  is  one  of  the  three  largest  builders  of 
marine  engines  in  the  country.  The  amalgamation 
will  thus  be  a  large  and  effective  one,  and  probably 
the  intention  of  a  contract  for  one  of  the  new  giant 
Cunarders  has  had  something  to  do  with  it.  Swan 
and  Hunter  have  building  berths  800  ft.  long,  and  they 
built  the  Carpathia  for  the  Cunard  Company,  but  the 
new  leviathans  will  he  larger  than  that  vessel. 

New  Field  for  Traction  Engines. 

One  result,  interesting  to  engineers,  of  the  present 
scarcity  of  trek  oxen,  which  has  been  caused  by  the 
late  war,  is  the  use  of  traction  engines  in  South 
Africa  for  hauling  coal  from  the  railway  to  the  mines 
in  cases  where  the  latter  are  not  provided  with  railway 
sidings.  Formerly  this  work  was  done  by  Boers 
with  ox  wagons,  and  when  more  normal  conditions 
have  been  restored  the  question  will  arise  whether  oxen 
are  more  economical  than  the  traction  engines.  The 
cost  of  an  ox  wagon,  including  driver,  native,  and 
upkeep,  may  be  put  at  /i  per  day.  It  will  average 
16  miles  in  24  hours,  so  that  it  will  deliver  one  load  of 
7  tons  per  day  at  a  distance  of  8  miles,  and  the  freight, 
therefore,  amounts  to  4-28  pence  per  ton  per  mile. 
A  steam  traction  engine  at  2h  miles  per  hour  covers 
20  miles  in  8  hours,  and  the  cost  for  8  hours  is,  say,  £1 
for  driver  and  los.  for  fuel  and  upkeep.  Another  los. 
may  be  added  for  maintenance  of  trucks  and  sundries. 
As  an  engine  can  pull  about  20  tons  of  coal,  the  cost 
of  haulage  is  only  2-4  pence  per  ton  mile.  In  both 
cases  the  time  occupied  in  returning  with  empty 
wagons  is  allowed  for.  There  seems,  therefore,  to 
be  a  large  field  for  the  use  of  steam  traction  in  this 
district  for  the  transport  of  heavy  goods  for  short 
distances.  At  present  there  are  about  a  dozen  engines 
and  70  wagons  employed  chiefly  in  transporting 
coal. 

Motor  Vehicles  in  South  Africa. 

These  are  also  coming  very  much  into  vogue,  not  only 
for  private  use  but  also  for  business  purposes — for  the 
delivery  of  newspapers  and  bread,  for  instance.  There 
is  also  a  regular  service  of  motor  omnibuses  running 
between  Johannesburg  and  some  of  the  suburbs,  and 
there  is  a  municipal  motor  trolley  competing  with  the 
veneraljle  Scotch  cart  in  the  removal  of  earth,  rubbish, 
etc.  With  a  view  to  demonstrating  the  suitabilit}'  of 
motor  vehicles  for  long  distance  transport  in  the  Cape 
Colony,  the  Dunlop  Motor  Company  sent  a  12-h.p. 
Daimler  motor  lorry  from  Cape  Town  to  Clanwilliam 
with  a  three-ton  load.  The  distance  of  156  miles  was 
covered  in  three  days  on  the  outward  journey,  and 
3|-  days  for  the  return,  with  about  i-ton  load.  The 
experiment  has  shown  that  on  account  of  bad  roads 
and  heavy  gradients  a  greater  horse-power  is  desirable 
for  this  class  of  work. 

Peggingf  Fresh  Ground. 

A  number  of  farms  were  thrown  open  by  Govern- 
ment for  pegging  on  the  14th  April,  in  the  Heidelberg 
and  Klerksdorp  districts.  In  the  former  district  it  is 
stated  that  20,000  licences  were  issued  for  about 
16,000  claims.  In  the  iatter  district  the  number  of 
licences  exceeded  15,000.  It  does  not  follow,  of  course, 
that  all  these  claims  will  be  payable,  but,  as  the  pegging 
will  in  many  cases  be  followed  by  prospecting,  it  will 
help  to  promote  the  general  improvement  which  is 
gradually  taking  place.     The  formation  of  a  number 


of  developing  syndicates  is  alreadv  causing  a  demand 
for  materials  and  machinery  suitable  for  sinking  pro- 
.specting  shafts,  and  for  other  preliminary  mining 
work.  In  a  district  like  this,  where  the  reefs  are  known 
to  extend  over  a  large  area,  the  limits  of  which,  however, 
have  not  yet  been  traced,  the  expenditure  of  time  and 
labour  on  genuine  prospecting  work  is  certainly  a  gain 
to  the  community,  even  in  cases  where  the  country  is 
proved  to  be  barren,  because,  although  the  syndicate 
in  that  case  loses  its  money,  the  public  gains  by  the 
information  thus  afforded. 

Mineral  Output  of  the  Transvaal. 

The  fi)llowing  tables  show  the  output  of  gold,  silver, 
coal,  and  diamonds  for  the  first  quarter  of  1903  : — 

Gold. 


This  corresponds  with  the  output  in  the  early  part 
of  1897,  so  there  is  still  much  leeway  to  make  up,  but 
there  is  every  reason  to  expect  not  only  an  increase  in 
each  succeeding  month,  but  also  an  acceleration  in  the 
rate  of  the  increase. 

Silver. 


Yield  in  fine  oz.    I  Value  in  £  sterling. 


January 
February 
March . . . 


23,789 
22,612 
25.725 


2,472 
2,330 
2,639 


This  table  includes  all  the  silver  produced  in  the 
bullion  of  the  gold-mining  companies.  Formerly  the 
returns  were  stated  in  ounces  of  bullion,  including, 
of  course,  the  gold,  silver,  and  any  base  metal  in  the 
ingots. 

Co.41.. 


Month. 

T.„„  .                  Value  realised  at 
Ton..             j               p^j 

January           ..           ...;         171,499         |           68,311 

February        !         154.^11         1           61,480 

March 171,^05         !          68,784 

Totals      

497,815                ■     198,575 

Diamonds. 


January 

February 

March... 


1 ,060 
i,4«5 
1-319 


Value  in  ;^  sterling. 


1,703 
1,932 
1,788 
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Steel  Buildings  in  Johannesburg. 

Buildings  framed  in  steel  on  the  American  plan  are 
now  much  in  evidence  at  Johannesburg.  One  of 
these  is  being  erected  for  Messrs.  Eckstein  and  Co., 
on  the  site  of  the  well-known  "  corner  house  "  from 
which  the  firm  received  its  colloquial  title.  This 
movement  in  the  direction  of  "  skv-scrapers  "  is  due 
to  the  enormous  value  of  land  in  the  business  part  of 
the  town. 

Mining  in  Rhodesia. 

The  British  South  Africa  Company  has  recently- 
given  permission  to  owners  of  gold-bearing  properties 
in  Rhodesia  to  work  their  ground  without  proceeding 
to  flotation,  on  the  following  conditions,  amongst 
others  : — 

Ore  may  be  milled  from  a  block  of  ten  claims  or  less 
for  profit  with  a  five-stamp  mill  or  its  equivalent,  but 
the  quantity  of  ore  so  milled  must  not  exceed  750  tons 
per  month.  Under  the  same  limits  as  to  size  of  block 
and  tonnage  for  each  owner,  the  ore  may  be  crushed 
at  a  customs  mill.  A  royalty  of  2}  per  cent,  on  the  gold 
won  is  payable  monthly  to'  the  district  Mining  Com- 
missioner when  the  claimholder's  prolit  exceeds  £100 
per  month.  Gold-mining  locations  worked  under  these 
conditions  will  not,  however,  be  considered  to  be  finally 
discharged  from  the  British  South  Africa  Company's  in- 
terest. As  in  most  quartz  mining  districts,  so  probably 
in  Rhodesia,  there  are  many  small  shoots  or  patches 
of  gold  which  may  be  profitably  worked  in  a  modest 
way,  but  which  are  quite  unsuitable  for  exploitation 
by  companies  with  large  capital  and  expensive  manage- 
ment. The  above-mentioned  relaxations  of  the  Com- 
pany's conditions  are  therefore  calculated  to  promote 
mining  work  in  the  country  on  a  practical  and  prolitable 
basis,  on  the  lines  familiar  to  Australian  workers  who 
have  tackled  similar  propositions  in  their  own  country. 

The  Rand  Labour  Question. 

In  the  course  of  a  reply  addressed  to  an  anti-Asiatic 
deputation,  Lord  Milner  recently  reviewed  the  whole 
question  of  Asiatic  labour,  incidentallv  remarking  that 
there  was  not  the  slightest  certainty  that  .\siatics 
would  be  prepared  to  come  there  to  work  in  the  mines. 
An  interesting  side-light  is  thrown  upon  this  aspect 
of  the  Rand  labour  question  by  a  correspondent  in 
the  Times,  who  signs  himself  "  Singapore."  "  From 
all  that  has  been  written,"  he  says,  "  on  the  subject 
of  the  importation  of  Chinese  labour  into  South  Africa, 
one  might  imagine  that  the  various  mine-owners  and 
labour  associalticms  have  but  to  beckon  to  China  and 
she  will  pour  into  their  compounds  a  stream  of  docile, 
willing  labourers,  prepared  to  work  at  highest  pressure 
under  strict  control  for  a  moderate  remuneration,  ami 
at  the  end  of  their  contract  time  to  return  to  China, 
equally  under  surveillance  with  the  hard-earned  cash 
presumably  on  or  about  their  persons.  That  tins  is 
a  prospect  likely  to  prove  alluring  to  Chinese  may 
at  least  be  doubted.  The  most  cursory  glance  at  tlie 
history  of  emigration  from  China  will  show  that  what 
the  Chinese  emigrant  most  keenly  desires  is  freedom 
to  live  his  own  Ufe,  earn  his  money  by  his  own  methods, 
and  cultivate  his  own  vices,  all  to  a  higher  perfection 
than  can  be  attained  in  China.  It  may  be  predicated 
that  no  Chinese  will  leave  China  unless  with  the  hope 
of  living  a  happier  life  out  of  his  own  country  than 
he  can  hope  to  attain  in  it.  The  emigrant  regards 
emigration  as  he  regards  any  other  gamble  before 
entering  upon  it — he  weighs,  that  is,  probable  chances 
of   success   against   risks   of   failure,    puts    down     tlie 


stability  of  the  forergn  Covernment  as  a  set-off  u>  ;i 
bad  or  indilferent  climate,  balances  the  actual  existence 
ot  wife  and  children  in  China  against  the  possibilitv 
of  a  temporary  union  in  the  land  of  the  foreigner, 
and  contrasts  the  opportunities  open  to  energy  and 
initiative  in  a  new  country  with  the  jiaralysing  checks 
upon  enterprise  in  his  own  land  of  ancestor  worship, 
tratlition,  and  custom.  But  above  all  things  he  desires 
a  free  hand.  He  will  not  object  to  a  contract  t<> 
labour  for  a  particular  employer,  especially  in  countries 
where  his  own  race  is  numerous  already,  and  breach 
of  contract  is  difficult  to  visit  upon  the  defaulter  ; 
but  his  contract  is  merely  a  means  to  an  end,  which 
is,  in  the  enormous  majority  of  cases,  to  accumulate 
wealth  and  enjoy  prosperity  in  a  country  where  these 
cannot  be  snatcbed  from  him  at  a  moment's  notice,  and, 
as  a  pious  hope  dimly  foreseen,  to  return  to  China  to 
end  his  days  in  peace,  supported  by  the  proceeds  of 
investments  which  he  has  been  careful  not  to  make 
ill  China.  The  opening  provided  by  the  gold-mining 
industry  of  South  Africa  is,  indeed,  one  which  might 
appeal  to  any  class  of  native  which  desired  moderate, 
though  at  the  same  time  certain  and  speedy,  prolit  ; 
but  the  complete  elimination  of  chance  from  its  opera- 
tion will  not  appeal  to  the  gambling  spirit  in  the  average 
Chinese  emigrant." 

North    of  England    Institute    of    Mining    and 
Mechanical  Engineers. 

The  general  meeting  of  the  North  of  England  Institute 
of  Mining  and  Mechanical  Engineers  at  Keswick,  e.x- 
tended  over  three  days,  and  commenced  with  a  visit 
to  the  Threlkald  Quarries  of  the  Threlkald  Granite 
Company,  Ltd.,  followed  by  an  inspection  of  the 
water-screeningchamber  of  the  Manchester  Corporation. 
The  following  papers  were  either  read  or  taken  as 
read  ; — (i)  '.'  Hematite  Iron  Ore  Deposits  and  Hematite 
Mining  in  West  Cumberland,"  by  Mr.  W.  E.  Walker  ; 
(2)  "  Iron  Ore  Mining  in  Cumberland,"  by  Mr.  J.  M. 
Main  ;  (3)  "  The  Geology  of  the  Lake  District,"  by 
Mr.  J.  Postlethwaite  ;  {4)  "  Description  of  the  Ore- 
washing  Plant  at  Greenside  Mine,"  by  Mr.  W.  H. 
Borlase  ;  (5)  "Granite  Quarrying.  Sett-making  and 
Crushing,  and  the  Manufacture  of  Concrete  Flags 
and  Granitic  Tiles,"  by  Mr.  George  H.  Bragg  ;  (6) 
"  Mines  and  ()uarries  of  the  Lake  District."  by  Mr. 
John  C.  Wasley  ;  (7)  "  Ambulance  Instruction  at 
Mines,"  by  Mr.  William  Leek,  H.M.  Inspector  of 
Mines  ;  (8)  "  The  Use  of  Carboniferous  IMants  as 
Zonal  Indices,"  by  Mr.  E.  A.  Newell  .\rber  :  (q)  "  The 
Gypsum  of  the  Eden  Valley."  by  Mr.  D.  Burns.  An 
excellent  programme  of  \isits  to  mining  centres 
was  arranged,  and  the  interest  ot  the  papers 
was  greatly  enhanced  by  the  fact  that  for  the  most 
part  local  subjects  were  dealt  with  by  local  men. 

"Wireless"  Telegraphy. 

A  significant  reply  vvas  that  given  by  the  Post- 
master- General  in  connection  with  criticisms  raiscil 
in  the  course  of  the  del)ate  on  the  vote  for 
the  Telegraph  Service,  .\ftcr  mentioning  tlie  assist- 
ance which  had  been  rendered  to  Mr.  Marconi 
by  the  Post  Olhce  in  earlier  years,  and  explaining 
their  attitude  of  recent  years.  Mr.  Chamberlain  pro- 
ceeded : — At  present  they  knew  very  little  about 
"wireless"  telegraphy.  They  knew  very  little  of  the 
conditions  under  which  "wireless"  telegrai)hy  woiiUl 
have  to  be  worked.  In  most  countries  the  Post  Oflice 
was  in  the  position  of  a  monopolist  ;  but  in  this  country 
the  monopoly  of  the  Postmaster-General  did  not  cover 
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communications  with  a  foreign  .shore  or  outside  the 
three-mile  limit.  The  Post  Office,  therefore,  could 
not  strangle  the  invention  even  if  it  wanted  to.  Their 
business  communications  had  not  been  with  Mr. 
Marconi,  though  personally  his  relations  with  that 
gentleman  had  been  most  'friendly.  They  had  been 
dealing  with  the  company  which  possessed  the  inventor's 
rights.  The  company  "did  not  ask  merely  for  what 
the  cable  companies  had.  They  asked  for  an  exclusive 
right  to  work  "wireless"  telegraphy  in  this  country, 
and  they  asked  for  permanence.  He  could  not  give 
them  either.  He  said  he  would  give  them  a  private 
wire  at  Poldhu  ;  and  when  they  applied  for  it  they  had 
that  private  wire,  and  they  had  had  it  for  some  time 
past.  There  was  no  difficulty  at  any  time  about 
the  company's  having  their  private  wire  on  ordinary 
terms,  or  obtaining  delivery  of  any  messages  sent  to 
them  from  anv  point  in  this  country,  or  having  messages 
received  at  Poldhu  put  on  the  Post  Office  wires.  But 
they  asked  the  Post  Office  to  become  their  agents  for 
the  collection  of  messages  to  be  transmitted  by  their 
wireless  system  in  the  same  way  that  anybody  could 
hand  in  a"  message  at  any  post  office  to  be  transmitted 
by  the  cable  companies.  "  He  wrote  explaining  generally 
the  terms  on  which  he  was  prepared  to  act,  and  laid 
down  certain  conditions  he  would  have  to  enforce 
in  order  to  prevent  interference  with  the  Admiralty 
for  strategic  reasons,  and  to  safeguard  national  interests. 
He  further  said  they  must  satisfy  his  technical  officers 
of  what  was  disputed  by  him,  namely,  that  the  company 
w-ere  in  a  position  to  carry  on  their  business  and  transmit 
messages  from  one  side  of  the  Atlantic  to  the  other. 
That  letter  was  written  on  March  31st  last,  and  he 
was  still  waiting  for  a  reply.  He  did  not  complain 
of  the  delay  in  the  least  ;  but  he  did  complain  that 
the  delay  should  be  attributed  to  the  Post  Office. 

During  the  progress  of  a  demonstration  of  "  wireless  " 
telegraphy  by  Professor  Fleming  at  the  Royal  Institution, 
Mr.  \evil  Maskelyne,  from  an  outside  source,  succeeded 
in  causing  certain  interruptions,  and  arrived  at  the 
conclusion  that  "  a  simple  untuned  radiator  upsets  the 
tuned  Marconi  receivers,"  but  Professor  Fleming,  in  a 
letter  to  the  Times,  describes  the  assumption  that  he 
was  using  a  syntonic  apparatus  as  "  gratuitous  and 
erroneous." 


The  Naval  Architects. 

The  Institution  of  Naval  Architects  held  its  summer 
meeting  this  year  in  Ireland,  the  Lord  Mayor  of  Belfast 
(the  Right  Hon.  Sir  Daniel  Dixon,  P.C,  D.T.)  welcoming 
the  members  to  that  city  at  the  opening  of  the  Con- 
ference, on  the  2^rd  ult.  "  Belfast  Harbour  and  its 
Development,"  by  Mr.  C.  F.  I..  Giles,  M.Inst. C.E., 
was  appropriately  among  the  first  of  the  papers  down 
for  discussion,  other  contributions,  including  "  Fast 
Coaling  Ships  for  our  Navy,"  by  Mr.  E.  H.T.  d'Eyncourt, 
and  "Mercantile  Cruisers  fitted  with  Housing  Pro- 
pellers," by  Mr.  James  Hamilton  (member  of  Council). 
On  Wednesday  the  papers  included  "  Cross-Channel 
Steamers,"  by  Professor  T.  H.  Biles,  LL.D.,  (member 
of  Council)  ;  "  Registered  Tonnages  and  their  Relation 
to  Fiscal  Charges  and  Design,"  by  Mr.  James  Maxton; 
and  "  Some  new  types  of  Superheaters,"  by  Professor 
W.  Hi  Watkinsoii.  Some  pleasant  social  functions 
were  arranged,  and  visits  were  paid  to  the  shipyards 
and  marine  engine  works  of  Messrs.  Workman  and 
Clark,  and  Harland  and  Wolff.  On  the  following  day 
(the  25th  ult.)  the  members  journeyed  to  Dublin  hv 
special  train,  the  programme  including  a  garden  party 
at  the  Vice-Regal  Lodge  by  the  special  invitation 
of   the   Lord-Lieutenant,    and   a   ball   at    the   Mansion 


House  given  by  the  Lord  Mayor  of  Dublin  (Mr.  T.  C. 
Harrington,  B.L.,  M.P.).  When  the  members  settled 
down  to  business  on  the  following  day  the  Hon.  C.  A. 
Parsons,  F.R.S.  (member  of  Council),  read  a  paper 
on  a  subject  which  is  peculiarly  his  own,  viz.,  "  The 
Marine  Steam  Turbine  and  its  application  to  the 
Propulsion  of  Vessels,"  Mr.  J.  P.  Griffith,  INI.Inst.C.F.., 
following  with  a  description  of  the  Dublin  Harbour 
Works.  The  summer  meeting  terminated  on  the 
Saturday. 

Telegraph  Conference. 

During  the  month  the  ninth  Quinquennial  Telegraph 
Convention  has  been  proceeding  at  the  Examination 
Hall  of  the  Royal  College  of  Physicians  and  Surgeons, 
its    object    being    "  the    amelioration    of   international 
telegraphs    in    the    interest  of   the  public."     The  pro- 
ceedings of  the  Conference  have  been  private,  but  a 
brief   official   report    of   the   opening   states    that    "  in 
welcoming     the     delegates     the     Postmaster-General 
referred  to  the  iiiiportance  of  the  matters  which  they 
had  met  to  discuss  and  wished  them  success  in  their 
labours.     Dr.     Hennyey     de     Hennye,     the     principal 
delegate  of  the  Hungarian  Administration,  responded  in 
eloquent    terms    to    the    address    of    the    Postmaster- 
General,  and,  as  the  representative  of  the  Administra- 
tion which  last  entertained  the  Conference  at  Budapest, 
gave  a  resume  of  the  events  affecting  the  International 
Telegraph  Convention  which   had  occurred   since   the 
last  conference.     Monsieur  Delarge,  the  senior  delegate 
of  Belgium,  and  Doven  of  the  Conference,  followed  with 
a  friendly  speech  ;    and  INIonsieur  Pereira,  the  delegate 
of  Portugal,  also  thanked  the  Postmaster-General  for 
the  welcome  which  he  had  extended  to  the  delegates, 
and  joined  in  the  wish  that  the  result  of  the  conference 
would  be  beneficial  to  the  telegraph  world.     Mr.  J.  C. 
Lamb,  C.B.,  C.M.G.,  the   principal   delegate   of  Great 
Britain,  was  chosen  President  of  the  Conference,  and 
Mr.  John  Ardron  and  -Mr.  P.  Benton,  Vice-Presidents. 
■The    following    Presidents    of    Committees    were    ap- 
pointed :  M.  Delarge  (Belgium).  M.   Sydow  (Germany), 
M.  Neubauer  (Austria),  and  M.  Bordelongue  (France) ; 
and  these  gentlemen  are  to  be  assisted  by  the  following 
Vice-Presidents  :  M.  Gvozditch  (Servia),  M.  Sevastianoff 
(Russia).    M.    Pop     (Netherlands),     and     M.    Pereira 
(Portugal).    The  secretarial  duties  of  the  Conference  are 
carried   out    by    the    International   Telegraph    Bureau 
of  Berne,  which  is  represented  by  M.  le  Colonel  Frey, 
the     distinguished      Director      of     the     Bureau,     M. 
Eschbaecher,  the  Vice-Director,  and  M.  Homberger.    On 
the    nomination    of    the    President,    Mr.    N.  Hautrive, 
Mr.  J.  I.  De  W^ardt,  and  Mr.  J.  F.  Lamb,  of  the  General 
Post    Office,    London,    were   appointed    as  the  British 
Secretaries  to  the  Conference. 

The  following  States  are  represented  : — 
Argentine  Republic,  Austria,  Belgium,  Bosnia- 
Herzegovina,  Brazil,  Bulgaria,  Cape  Rf  Good  Hope, 
Cevlon,  Commonwealth  of  Austraha,  Crete,  Denmark, 
Dutch  East  Indies,  Egypt,  France  and  Algeria,  Germany, 
Great  Britain,  Greece,  Holland,  Hungary,  India, 
Indo-China,  Italy,  Japan,  Luxemburg,  Madagascar, 
Montenegro,  Natal,  New  Caledonia,  New  Zealand, 
Norway,  Persia,  Portugal,  Portuguese  Colonies, 
Roumania,  Russia,  Senegal,  Servia,  Siam,  Spain, 
Sweden,  Switzerland,  Tunis,  Uruguay,  and  the  United 
States. 

The  social  functions  connected  with  the  Con- 
ference have  included  a  dinner  given  by  the 
Postmaster-General,  and  another  under  the  auspices 
of  the  Telegraph  Companies.  On  the  nth  of  June 
a  highlv  successful  Concert   in    honour   of   the   foreign 
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delegates  was  given  at  the  Albert  Hall  in  the  name 
of  the  President  of  the  Institution  of  Hlcctrical 
Engineers.  The  members  have  been  received  by  His 
Majesty  the  King  at  Windsor,  and  have  also  been 
entertained  at  the  Mansion  House. 

Significant  Destruetop  Souvenirs. 

At  the  opening  of  the  new  Horsfall  Kefuse  Destructor 
at  Grimsby  some  significant  presentations  were  made. 
At  a  critical  moment  of  the  ceremony,  the  Mayor, 
turning  to  Ccjuncillor  Pickwell  (Chairman  of  the 
Destructor  Committee)  said  : — "  I  have  much  pleasure 
in  haniling  you  this  pair  of  scissors  with  which  to 
declare  the  Destructor  open,  and  to  acknowledge 
your  very  hard  work  during  the  years  you  have  been 
on  this  Committee,  to  watch  and  look  after  the  interests 
of  the  Borough  of  Grimsby  in  the  building  of  this 
Destructor.  I  am  certain  that  it  will  be  of  benefit 
to  the  town,  and  I  hope  yon  will  live  many  years 
in  health  and  prosperity,  and  be  able  to  look  upon  the 
past  with  pleasure."  We  were  somewhat  puzzled 
as  to  the  proposed  application  of  the  scissors,  but 
on  reference  to  the  Grirnsbv  Xews.  observe  that 
Mr.  Pickwell  "  cut  the  tri-coloured  ribbon  stretched 
across  the  entrance  and  declared  the  works  open." 
This  ingenious  arrangement  was  possibly  intended  to 
indicate  a  cutting-down  of  expenses  on  the  Silhouette 
plan,  for  we  observe  that  the  scheme  includes  a  house 
fitted  with  a  mortar  mill,  clinker  crusher  and  screens, 
intended  for  the  conversion  of  the  residue  into  a  market- 
able commodity  useful  for  concrete  lloors  and  founda- 
tions. The  Chairman  of  the  Committee  was  also 
presented  with  a  pencil,  and  to  the  Borough  Surveyor 
(Mr.  K.  G.  Whyatt)  a  matchbox  was  handed,  bearing 
a  suitable  inscription.  The  destructor  has  four  cells 
capable  of  burning  forty  tons  of  refuse  per  day. 

The  Iron  Ore  Deposits  of  North  Lapland. 

It  is  expected  that  the  railway  connecting  the  Gulf 
of  Bothnia  with  the  Atlantic  from  I-nlea  to  Narvik  close 
to  the  Russian  frontier  will  ere  long  be  opened  through- 
out its  whole  length.  The  railway  is  built  partly  bv 
the  Swedish,  partly  by  the  Norwegian  Government,  and 
especially  in  order  to  facilitate  the  exportation,  Ti'a 
Narvik,  of  the  immense  quantities  of  magnificent  iron 
ore  found  at  Kirunavaara  and  Gellnara.  Through  alleged 
bad  management  and  over  speculation  a  crisis  has  for 
■some  time  been  impending  with  regard  to  these  iron- 
fields.  Last  spring  the  Government  proposed  to  secure 
them  for  the  State,  mainly  with  a  view  to  prevent  their 
passing  into  foreign  hands,  which  Swedish  public 
opinion  seemed  to  fear  might  have  dangerous  political 
consequences.  This  proposal  was,  however,  rejected 
by  the  Riksdag.  Another  attempt  to  save  them 
for  Swedish  capital  has  now  encountered  the  same  fate. 
The  Gningesberg  Society,  which  was  originally  formed 
by  tlie  initiative  of  S'r  Ernest  Ca.'^sel,  and  incUules 
a  great  many  of  the  iron  works  of  Central  Sweden 
among  its  shareholders,  offered  to  buy  the  iron  fields 
on  certain  conditions.  Amongst  these  the  essential 
•stipulation  was  that  the  State  should  give  the  society 
a  loan  for  twenty  millions  of  crowns,  which  tlie  Riksdag 
would  not  consent  to.     As  it    seems,   however,    to  be 


of  \ilal  importance  to  the  iron  industry  of  Sweden 
that  Kirunavaara  and  Gellivara  should  be  controlled 
by  Swetlish  capital,  a  way  will  almost  certainly  be 
found  to  avert  the  much  dreaded  calamity  of  their 
passing  into  Russian  or  German  hands. 

Admiral  Melville  on  Warship  Construction. 

Rcar-.\dmiral  G.  \V.  Melville,  chief  of  the  bureau 
of  steam  engineering,  U.S.A.  navy  departnient.  has 
written  an  article  for  the  Philadelphia  Ledger  on 
the  tendency  in  warship  construction,  .\mong  other 
things  he  says  : — "  When  will  the  limit  of  size  be 
reached,  if  each  increase  in  displacement  has  made 
the  ship  a  better  fighting  machine  ?  The  limit  of 
size  will  not  be  reached  until  the  demand  of  the  engineer 
for  space  and  weight  for  machinery  is  given  the  same 
recognition  that  is  accorded  the  ordnance  and  hull 
experts.  It  is  certain  that  warships  must  be  made 
even  larger,  and  in  accordance  with  this  belief  the 
British  admiralty  has  projected  battleships  of  18,000 
tons  displacement.  Boilers  are  still  made  too  frail, 
since  their  tubes  are  too  thin,  their  casings  too  light, 
and  their  drums  too  small.  This  shaving  in  weight 
of  important  parts  also  extends  to  the  engine-rooms, 
for  engine  frames  are  not  as  strong  as  they  should  be. 
The  tubes  of  condensers  are  too  contracted  :  the 
piping  is  too  complex  by  rea'^on  of  the  crowding  of 
auxiharies,  and  altogether  there  is  a  forcing  of  appliance 
into  contracted  spaces  beneath  the  protective  deck 
that  results  in  excessive  repair  bills  and  long  stays 
in  port.  .\n  increase  in  weight  would  keep  the  ships 
longer  at  sea,  and  it  would  seem  that  this  reason 
alone  would  correct  the  evil  of  installing  light  machinery. 
Against  the  vigorous  and  determined  protest  of  the 
engineer,  the  ships  seem  to  be  built  for  the  hour  of 
the  contractors'  trial,  rather  than  for  the  day  of  battlej 
From  the  standpoint  of  the  ipiarterdeck.  the  modern 
battleship  may  seem  to  possess  endurance  and  strength, 
but  from  the  view  of  those  beneath  the  protective 
deck  this  strength  is  more  apparent  than  real.  It 
will  be  found  in  the  next  naval  war  that  in  the  distri- 
bution of  weights  allowed  in  the  construction  of  a 
modern  war  vessel,  there  has  been  too  great  a  tendency 
to  sacrifice  the  efficiency  of  the  machines  that  are  not 
within  sight  of  the  inspection  officer,  in  order  that 
the  appliances  above  the  protective  deck  may  l>e 
made  more  efficient  and  that  even  luxuries  may  he 
secured. 

"  It  requires  a  resourceful  and  intellig'  nt  man  to 
stand  behind  the  modern  gun.  but  it  requires  equal 
intelligence  and  skill  to  stantl  in  front  of  the  modern 
boiler  or  operate  a  high-spceil  marine  engine.  It  will 
neither  promote  naval  efficiency  nor  inspire  confi.lence 
for  either  the  man  behind  the  gun  or  the  man  at  the 
throttle  to  know  that  the  weak  line  in  the  naval  chain 
is  contained  within  the  engine  room,  where  the  smallest 
factor  of  .safety  has  been  assigned  to  the  working 
parts,  and  where  the  ajipliances  must  be  subjected 
to  the  severest  and  most  continuous  strain. 

"The  larger  the  size  of  the  battlesliip.  the  more 
satisfactory  will  l>e  her  performance,  for  every  increase 
in  displacement  means  a  proportionate  and  relative 
increa.se  in  engineering  efficiency." 
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The  Problem  of  the  Marine  Boiler. 

The  failure  of  the  boilers  installed  in  the  battleship 
Maine  has  been  the  cause  of  much  apprehension  with 
regard  to  the  advisability  of  continuing  the  use  of  the 
Niclausse  boiler  in   the  Navy.     Admiral  Melville   has 
insisted  for  a  long  time  that  it  is  not  adapted  for  sea 
service,    and    the    Bureau    of   Steam    Engineering    has 
invited  competition  among  boiler  designers  in  the  hope 
of  securing  a  new  and  better  type  for  marine  worlc. 
The   Niclausse   type   has  already  been  installed   in   a 
half  dozen  or  so  of  our  war  vessels.     England  has  it  in 
two  gunboats,  and  contracts  have  been  given  for  two 
battleships  and  several  armoured  cruisers.     As  it  is  a 
French  invention  it  naturally  has  been  installed  in  a 
large  number  of  the  warships  of  that  country.     Ger- 
many and  Russia  also  have  a  number  of  vessels  using 
the  Niclausse  boiler,  but  the  Russian  Clovernment  has 
decided  not  to  employ  it  hereafter.     Its  extended  use 
may    be    accounted    for    in    that    it    possesses    certain 
distinct    advantages    not    embodied    in    others    of    the 
present  day,  chief  of  which  are  its  high  power  capacity 
for   limited   space   required,   and   an   economical    fuel 
consumption.     Its  great  drawback  m  the    opinion    of 
the    Bureau    of   Steam    Engineering,    which    has   been 
conducting  a  thorough  examination  of  various  boilers, 
is  the  tendency,  on  account  of  its  peculiar  construction, 
for  the  water  to  leave  the  tube  ends  when  the  boilers 
are   forced,    leaving,  them   exposed    to   the   danger   of 
weakening  by  bending  and  e.ven  burning  out.     More- 
over, this  liability  is  greatly  increased  by  the  rolling 
and  pitching  of  the  vessel  in  heavy  seas. 

The  examiners  were  convinced  in  these  points  of 
deficiency  after  the  investigation  of  the  Mo7)ie 
boilers.  A  number  of  tubes  were  found  so  badly 
damaged  that  they  will  have  to  be  renewed,  many  of 
them  ha\'ing  been  warped  out  of  position  from  I  in.  to 
6  in.,  and  others  having  burst  as  a  consequence  of  being 
burnt.  It  is  estimated  that  the  proper  repairs  to  fit 
the  battery  for  another  trial  will  cost  from  .'?io,ooo  to 
815,000,  which  includes  the  replacing  of  damaged 
tubes,  gauges,  glasses,  etc.,  and  the  provision  of  a 
device  operating  from  the  deck,  whereby  any  boiler 
may  be  cut  out  in  case  of  accident.  The  report  of  the 
Edwards  Board,  made  a  few  months  ago  on  the  problem 
of  the  water-tube  boiler,  urges  the  subordination  of 
attempts  to  decrease  weight  and  size,  to  safety  and  the 
securing  of  a  type  that  may  be  depended  upon  for 
endurance  under  long  continued  forcing.  It  is 
emphasised  that  efficiency  in  the  boiler  equipment  is 
quite  as  important  as  efficiency  in  the  guns  and  arma- 
ment, and  that  equal  care  should  be  exercised  in  testing 
before  installation  and  in  proper  handling  thereafter 
In  suggestions  for  a  new  type,  long  steaming  qualities 
are  advised  with  high  power,  even  at  the  expense  of 
space  or  greater  first  cost.  A  preference  is  expressed 
for  an  American  design,  if  possible  a  modification  of 
some  land   type  now  m  comnum  use,    the  advantage 
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being  that  in  time  of  emergency  men  might  be  recruited 
whose  familiarity  with  shore  practice  would  prepare 
them,  with  but  Httle  additional  training,  for  the  naval 
service. 

Some  American-built  Turbines  for  England. 

The  steam  turbines  which  are  being  built  by  the 
Westinghouse  Electric  and  Manufacturing  Company 
for  the  Metropolitan  District  Railwav  Companv  of 
London,  are  the  largest  steam  turbines  ever  made, 
and  the  most  powerful  single  cylinder  engines  of  any 
type  in  the  world.  Their  normal  capacity  will  be 
5,500  kilowatts,  but  they  will  be  capable  of  carrving  an 
overload  of  50  per  cent.,  giving  for  each  unit  a  maximum 
output  of  8,250  kilowatts,  or  about  11,000  h.p.  Not- 
withstanding this  enormous  capacitv,  the  dimensions 
of  these  engines  are  ortly  29  ft.  in  length  bv  14  ft. 
in  width  and  12  ft.  in  height,  the  overall  length  of 
turbine  and  alternator  being  51ft.  and  9  in.  The 
steam  pressure  will  be  165  lb.  per  square  inch,  and 
the  speed  t.ooo  revolutions  per  minute. 

Comparative  Test  of  Oil  and  Coal  as  Fuel  for 
Locomotives. 

An  interesting  comparisoir  of  costs  with  the  use  of 
oil  and  coal  as  fuel  for  locomotives,  where  both  were 
operated  over  the  same  road  and  under  very  nearly 
the  same  conditions,  is  given  in  the  last  issue  of    the 
American  Engineer  and  Railroad  Journal.     The   tests 
were  made  on  the  Boston  and  Maine  railroad  between 
Mechanicsville  and  East  Deerfield,  a  distance  of  eighty- 
five  miles.     The  figures  were  furnished  by  Mr.  Henrv 
Bartlett,   superintendent  of  motive  power,   and  since 
the  tests  were  conducted  for  the  purpose  of  determining 
the  company's  policy  with  regard  to  the  continuance 
or  discontinuance  of  oil  as  a  fuel,  they  may  be  accepted 
as  reliable.     The  engines  were  of  the  same  pattern, 
and  generally  identical  in  dimensions,  with  only  such 
differences    in    arrangements    as    were    necessary    for 
burning  od  or  coal.     They  were  simple  engines  with 
cylinders    20  in.    liy    2  |  in.  ;     driving    wheels,    57  in.  ; 
weight      on      drivers,      121,000    lb.;       total      weight, 
141,000  lb.;    weight  of  tender,  80,000  lb.  ;    total  weight 
of    locomotfivve    and     tender,     221,000  lb.  ;      fire    box. 
41-]-  in.  by  102  in.  ;    total  heating  surface,  1,856  square 
feet  ;     total   grate   surface,    29  6   square    feet  ;     stean\ 
pressure,  200  lb.  per  square  inch.     In  all  thirty-eight 
trips  of  the  oil  engine  were  reported  upon,  and  twenty- 
three    of    the    coal    engine.     The    following    were    the 
principal  results  deduced,  the  cost  items  being  based 
on  oil  at  three  cents  per  gallon,  and  coal  at  $3.45  per 
ton. 

Oil.  Co.-d. 

Average  tons  hauled  per  trip       ...     8o2'i3  7Hi'83 

Average  cost  per  trip         ...         ...     .1t!l6.6i  $19.94 

Average  cars  hauled  per  trip       ...       28-39  27-22 

Average  cost  per  car  mile S.01102        S.00862 

Average  cost  per  ton  mile $.00039         $00030 
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A  New  Oil  Engine. 

The  technical  press  during  the  last  month  has  been 
giving  some  prominence  to  a  new  oil  engine,  the  striking 
features  ot  which  are  its  abihty  to  burn  the  heaviest  and 
cheapest   oil,    to   burn   it   gradually   rather   than   ex- 
plosively, and  at  such  a  low  temperature  that  little 
or  no  jacket  water  is  necessary,  thereby  diminishing  the 
v.'aste  of  heat  energy  in  jacket  water  ;   and  to  afford  its 
own  ignition  by  compression  of  the  air,  after  running 
conditions  are  established,  by  a  temporary  use  of  an 
electric  sparking  device.     The  engine  is  the  invention 
of  Mr.  Oscar  P.  Ostergren,  of  New  York,  a  mechanical 
engineer  of   some   note   as   a   steam   engine   designer, 
and  one  of  the  first  to  produce  liquid  air  in  commercial 
quantities.     It  is  a  single-acting  vertical  engine  of  the 
two-cycle   type,   the   dowTi-stroke    being  the   working 
one,   and  has  an  _  admirable  provision  for  scavenging 
the  cylinder  with  clean  air  between  working  strokes. 
At  the  time  of  each  impulse  on  the  upper  face  of  the 
piston  the  lower  face  is  compressing  a  charge  of  fresh 
air,  which  at  the  end  of  the  stroke  is  admitted  above 
the  piston  just  at  the  instant  of  exhaust  of  the  burned 
gases,   completely   removing  all   traces  of   the  latter. 
The   air   receives   a   second   and   much   higher    com- 
pression on   the   up-stroke,   and  is   thereby  raised   in 
temperature  to  a  point  sufficient  to  ignite  the  oil  as  it  is 
sprayed  into  the  cylinder  for  the  ensuing  down-stroke. 
The  oil  charge  is   impelled  into   the   cylinder  by  an 
auxiliary  pump,  operated  by  a  cam  on  the  engine  shaft, 
which  compress  a  small  portion  of  the  air  taken  from 
the  cylinder  to  an  even  higher  degree  than  that  left 
in  the  cyUnder,  so  that  when  admitted  behind  the  oil 
charge,  the  latter  is  injected  gradually  as  a  spray  into 
the  head  end  of  the  cylinder,  where  it  is  burned  as  fast 
as  it  is  received,  producing  the  expansive  working  force. 
The  oil  for    the    next    charge   is    introduced    to    the 
■   retaining    chamber    at    the    head    of  the   cylinder  by 
the  suction  produced    as    the    auxiliary  pump  moves 
to  its  lower  position  at  the  end    of    the  down-stroke 
of  the  engine  piston,    and    is    prevented   from  return- 
ing to  the  supply  tank  by  three  httle  check  valves  in 
series. 

The  engine  is  started  after  a  period  of  rest  In- 
admitting  compressed  air  from  a  storage  tank  to  the 
upper  face  of  the  piston,  the  oil  charge  being  injected 
at  the  same  time,  and  the  burning  effected  for  a  few 
strokes  by  a  sparking  plug.  After  nmning  conditions 
are  established,  the  metallic  parts  having  become  hot 
enough  to  sustain  ignition,  along  with  the  heat  in  the 
compressed  air,  the  spark  may  be  discontinued  and  the 
air  tank  re-charged  at  the  expense  of  the  air  com- 
pression in  the  cylinder,  which  requires  but  a  few 
strokes.  A  check  valve  in  the  inter-communicatmg 
air  pipe  prevents  the  air  from  flowing  back  into  the 
cylinder  until  such  time  as  it  may  be  reepiire^!  ag^iiii  t<ir 
the  starting  of  the  engine. 


The  en;.Mne  will  be  b;iilt  in  many  sizes,  from  very 
small  ones  for  the  tlriving  of  automobiles,  launches, 
etc.,  to  very  large  ones  for  pumping  stations,  factory 
power  plants,  and  in  short  for  any  mission  now  filled 
bv   steam    engines. 

Iron  and  Steel. 

'Jhere  have  been  no  advances  in  prices  in  any  of  the 
metal  commodities  during  the  past  month.     On   the 
contrary  pig  iron,  old  materials,  and  tin  have  dechned 
shghtly.     All    other    products — billets,    rails,    finished 
iron   and   steel,    and    the   common   metals,    with    the 
exception  of  tin,  have  maintained  a    uniform    price. 
Foreign  foundry  iron  has  ceased  to  be  a  factor  in  the 
market,  as  the  cheaper  grades  will  meet  the  needs  of 
but  a  limited  number  of  consumers,  and  the  higher 
grades  cannot  now  compete  with  equal  domestic  metals. 
It    seems    unhkely    that    the    German    syndicate    will 
longer  attempt  to  retain  its  foothold  here.     The  May 
production  of  cast   iron   has  even   run   ahead   of   the 
tremendous    output    of    April.     Consumers    are    still 
liolding  off,  however,  and  their  attitude  appears  to  be 
justified,  as  prices  are  continually  receding  from  the 
unnaturally  high  prices  that  have  been  prevailing. 

Some  are  needlessly  alarmed  at  this  drop  in  the  price 
of  pig  iron,  as  they  do  not  seem  to  consider  that  still 
it  has  not  reached  its  normal  value.  The  high  figure 
that  has  marked  the  past  year  may  be  directly  attri- 
buted to  conditions  which  prevailed  during  that 
period,  i.e.,  scarcity  of  cars  and  inadequate  facilities 
for  transportation  generally,  and  shortage  of  coke  and 
coal  attendant  throughout  the  recent  anthracite 
miners'  strike.  The.se  same  causes  were  responsible 
for  the  large  importation  of  pig  iron  during  the  last 
few  months,  and.  as  they  are  now  mostly  reinovcl 
and  normal  conditions  nearly  resumed,  it  is  not  strange 
that  importation  has  decreased.  In  connection  with  the 
matter  of  importation,  it  is  of  interest  to  state  that  an 
important  legal  decision  was  handed  down  in  the  United 
States  Court  of  .Appeals,  May  7th.  which  sustains  the 
contention  of  the  plaintiffs,  Messrs.  O.  G.  Hempstead 
and  Son,  that  tungsten  ore  should  be  admitted  free 
ofdut',. 

In  soite  of  the  lalnjur  troubles  a  good  and  increasing 
amount  of  structural  material  is  Iveing  produced.  The 
steel  rail  business  is  likely  to  be  benefited  by  the 
prospect  of  several  large  orders  from  a  iuimlH?r  of 
railroads,  to  run  into  next  year.  It  is  reixjrted  that 
certain  large  manufacturers  of  agricultural  implements 
are  making  foreign  negotiations  with  a  view  to  im- 
porting special  steel  shapes,  which  by  a  "  gi\  e-and-takc" 
deal  will  be  used  in  their  implements  for  export. 
Chicago  reiHirts  a  good  deinaiu!  for  both  foreign  and 
domestic  billets,  with  a  teiulencv  for  the  market  to 
Income  a  trifle  firmer,  and  also  reports  some  increase 

M  the  demands  for  b.ir  iron  and  soft  steel  bars. 
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Fifth     International     Congress     for     Applied 
Chemistry. 

The  Fifth  International  Congress  for  Applied  Chemis- 
try is  being  held  during  the  present  month  at  Berlin. 
After  taking  place  ever}-  two  years  since  1894,  when 
the  first  meeting  was  held  at  Brussels,  this  assembly 
has  now  become  triennial.  More  than  1,200  members 
are  recorded  in  a  preliminary  list  lately  published, 
and  the  total  number  is  estimated  at  about  1,500. 
As  the  most  prominent  exponents  both  of  science  and 
industrj'  participate  in  the  meetings  of  the  Congress, 
the  latter  is  deserving  of  more  than  a  passing  interest. 

Iron  for  Railway  Construction. 

In  a  paper  on  the  "  Progress  of  Iron  Industry  in 
connection  v.ith  Railway  Construction,"  Dr.  A. 
Hartmann  drew  attention  to  the  enormous  advance 
brought  about  in  the  refinery  of  iron  by  the  Bessemer 
process,  which  was  first  introduced  into  practice  in 
1862.  Modern  metallurgy-  has  ample  means  of  impart- 
ing to  rails  any  strength  desirable,  whereas  another 
important  issue  in  connection  with  the  manufacture  of 
railway  iron,  viz.,  its  hardness  and  resistance  to  the 
constant  wear  and  tear,  is  far  from  being  satisfactorily 
solved.  Recent  tests  made  by  the  author  have  shown 
that  the  mean  annual  surface  wearing  of  a  rail  is 
about  21  square  milUmetres,  that  is  to  say,  that 
I  millimetre  in  height  will  be  worn  out  at  thelieadof  a 
norm.al  rail  in  three  years,  the  consumption  at  the 
joints  being,  however,  very  much  greater  with  current 
superstructures.  The  loss  by  wear  and  tear  amounts 
to  no  less  than  19,000  tons  of  rail  per  annum  in  Ger- 
rjanj-.  In  spite  of  this  continual  consumption,  it 
would  be  possible  to  warrant  a  thirty  years'  life  to 
Bessemer  rails,  even  on  highly  frequented  lines,  but 
for  the  actual  imperfect  constructions  of  joints,  which 
will  result  in  a  premature  destruction  of  the  rails. 
In  addition  to  first-class  material,  the  shape  of  the 
rails  appears  to  be  of  utmost  importance,  greater 
lengths  being  favourable  also  on  account  of  the 
diminished  number  of  joints.  It  may  be  mentioned 
that  modern  rolling  mills  allow  of  rails  as  long  as 
100  metres  being  made.  Endeavours  are  being  univer- 
sally made  to  enforce  railway  tracks,  but  the  means 
of  obtaining  this  are  so  far  the  subject  of  controversy. 
On  the  one  hand,  the  result  is  aimed  at  by  enforcing 
the  rails,  whereas  other  experimeiiters  are  increasing 
the  number  of  sleepers.  The  author  thinks  that  the 
best  way  would  be  to  enforce  all  the  parts  of  the  track 
in  a  harmonious  way. 

As  regards  the  problem  of  the  material  most  suitable 
for  sleepers,  iron  sleepers  are  now  sufficiently  improved 
to  make  superstructures  with  iron  cross-sleepers,  as 
a  rule,  at  least  as  economical  as  superstructures  with 
wood  cross-sleepers.  A  more  general  use  of  iron 
sleepers  would  be  desirable  also  on  account  of  the  ever- 
increasing  devastation  of  forests,  and  the  climatological 
disadvantages  attendant  thereupon. 
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Aluminothermies. 

Dr.  Hans  (Toldschmidt's  lecture  on  "  Recent  Pro- 
gress in  Aluminothermies  "  aroused  universal  interest? 
The  author  has  devised  a  process  for  producing  high 
temperatures  by  means  of  burning  aluminium.  This 
process  may  be  used  to  prepare  metals  in  a  pure  state, 
but  the  most  important  applications  of  "  alumino- 
thermies "  are  welding  processes,  such,  for  example, 
as  the  welding  of  tramway  rails.  Thermite  has,  of 
late,  assumed  an  important  role  in  repairing  ships  ; 
the  author  illustrated  by  projections  on  a  screen  a 
number  of  repairs  made  of  broken  parts  of  ships,  which 
it  would  have  taken  months  and  cost  thousands  of 
pounds  to  replace,  whereas  the  cost  of  this  repair, 
made  in  a  few  hours,  was  only  a  few  pounds.  It  may 
be  interesting,  in  this  connection,  to  give  some  details 
as  to  the  welding  of  the  broken  stern-post  of  the 
steamship  Scvilla  of  the  Hamburg-American  Line. 
After  removing  the  helm,  the  iron  at  the  fracture  was 
brought  to  a  red  heat  and  surrounded  with  a  double- 
walled,  tight-fitting  case,  the  walls  of  which  were 
separated  by  a  laj^er  of  graphite  or  asbestos.  Chemically 
pure  iron  placed  in  a  crucible  was  melted  by  means  of 
thermite  and  eventually  poured  out  into  the  case 
round  the  fracture.  A  bore  made  throughout  the 
fracture  showed  all  the  parts  to  be  well  connected. 
A  novel  application  of  thermite  is  the  improvement 
of  cast  iron,  by  producing  the  reaction  below  the 
surface  of  the  liquid  metal,  when  the  pores  of  the 
cast  will  be  eliminated. 

New  Melting  Process. 

Another  melting  process  has  lately  been  brought 
out  by  the  Koln-Miisener  Bergwerks-Aktien-Verein ; 
it  is  intended  for  perforating  or  melting  down  hardened 
parts  in  an  unusually  short  time.  The  process  consists 
in  heating  with  an  oxy-hydrogen  flame  the  portion  in 
question  to  an  extreme  white  heat,  when  oxygen  at  a 
high  pressure  is  blown  against  it.  The  heat  of  com- 
bustion will  yield  the  amount  of  heat  necessary  to  melt 
the  adjoining  parts,  the  high  pressure  carrying  oft'  the 
molten  masses  with  greater  velocity  than  the  heat  is 
conveyed  from  them.  The  oxygen  thus  obtains 
unceasingly  renewed  working  points,  the  oxydised 
material  not  becoming  coded  by  the  stream  of  gas. 
As  the  high  pressure  will  throw  the  molten  masses  out 
of  the  holes  formed,  it  is  possible  to  melt  in  either  a 
horizontal  or  vertical  direction.  A  cold  iron  or  steel 
ingot,  about  400  millimetres  in  length,  may  thus  be 
perforated  in  about  three  minutes.  The  new  process 
has  been  found  to  be  particularly  suitable  for  opening 
the  tap-holes  and  blast-nozzles  of  blast  furnaces, 
as  it  will  perform  in  a  few  minutes  an  operation  that 
would  otherwise  require  hours  or  days. 

Electric  Lighting-  of  Railway  Trains. 

German  railway  authorities  have^long  been  opj)osed 
to  adopting  electric  lighting  for  their  trains,  and  it  is 
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gratifying  that  at  last  a  step  has  boon  takon  witli  a 
view  to  replacing  tire  existing  inadequate  gas  lighting 
scheme  by  a  more  modern  system.  The  D  trains 
circulating  between  Berlin  and  Hamburg  have  for  a 
short  time  been  equipped  with  an  electric  lighting  plant 
installed  by  the  Storage  Battery  Companv,  Berlin- 
Hagen  i/w.,  according  to  the  designs  of  the  Prussian 
Minister  of  Railways.  The  current  is  generated  by  a 
dynamo  located  on  the  locomotive-boiler  and  driven 
by  a  20  h.p.  De  Laval  steam  turbine,  the  wheel  of  the 
turbine  making  20,000,  the  dynamo  2.000  revolutions 
per  minute.  A  storage  battery  is  placed  underneath 
each  carriage,  all  the  batteries  being  connected  iii 
parallel  to  the  dynamo.  Each  compartment  contains 
in  addition  to  the  ceiling  lamps,  reading  lamp?  capable 
of  being  switched  on  or  olr  by  the  passengers  themselves. 
In  order  to  charge  the  accumulators,  the  tension  of  the 
dynamo  is  temporarily  increased,  an  iron  A^-ire  resistance, 
surrounded  by  a  glass  bulb  containing  hydrogen,  being 
connected  to  the  terminals  of  each  lamp,  so  as  to 
prevent  any  fluctuations  of  the  light.  The  iron  wire 
is  brought  by  the  current  of  the  lamps  nearly  to  a  red 
heat,  when  the  slightest  increase  in  the  intensity  of 
the  current  will  suffice  to  augment  the  resistance  of 


the  wire  to  such  an  extent  that  variable  tensions  will 
not  produce  any  apprccia'.-l..'  Iiiiclu.iti'):i  in  tiic  luinimtus 
intensity. 

"Wireless"  Telegraphy  from  Running  Railway 
Trains. 

"Wireless"  telegraphy  is  making  rapid  advances  in 
Germany.  The  daily  jiapers,  .some  weeks  ago,  dis- 
cussed a  new  system  devised  by  Herr  Ituhmer,  which, 
at  the  present  moment,  is  receiving  attention  by 
German  military  and  naval  authorities.  No  particulars 
as  to  the  principle  on  which  this  scheme  is  based  are 
so  far  forthcoming  ;  it  seems,  however,  that  selenium 
cells  play  in  this  system  a  similar  part  to  their  role  in 
the  inventor's  "wireless"  telephony  devices.  Now  we 
learn  that  the  Wireless  Telegraphy  Company,  Syst^^m 
Braun-Siemens,  have  lately  made  "wireless"  telegraphy 
experiments  from  moving  trains  on  the  Berlin-Zossen 
Military  Railway,  these  experiments  being  attended 
by  representatives  of  the  mihtary  authorities.  These 
tests  have  been  a  perfect  success,  a  lively  interchange 
of  messages  passing  between  Marienfclde  and  Rangsdorf 
stations  and  the  moving  train.  Evidence  has  been 
given  of  the  absolute  reliability  of  the  transmission. 
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July. 

1st.— Colliery  Appliances  Exhibition  opens  at  Agricultural 

Hall.— Staffordshire  Iron  and  Steel  Institution  :  Visit  to 

the  G.W.R.  Works  at  Swindon. 
2nd.— Institution  of  Mining  Engineers  :  General  Meeting 

at   II   a.m.,  in   the   rooms  of  the  Geological   Society, 

Burlington    House.— Midland   Counties    Institution   of 

Engineers  :  Meeting  in  London. 
3rd._Institution  of  Mining  Engineers  :  General  Meeting 

at  10.30  a.m.,  in  the  rooms  of  the  Geological  Society. 

Burlington  House. 
4th.— Institution  of  Mining  Engineers  :  General  Meeting, 

Visits  to  Works,   etc.— Midland  Counties  Institution  of 

Engineers  :  Meeting  in  London. 
8th.— Colliery     Appliances    Exhibition    at    Agricultural 

Hall,  last  day.— Annual  Conference  of  the  Municip.il 

Tramways  Association  opens  at  Glasgow. 
10th.— Civil     and      Mechanical      Engineers'     Society  : 

Visit    to    Messrs.    Thornycroft's   Works  at   Chiswick, 

at  5  p.m. 
nth.— Midland  Counties  Institution  of  Engineers  :  .Meet 

ing  at  Midland  Institute,  Leeds. 
13th.— Birmingham  Association  of  Mechanical  Engineers: 

Annual  Excursion. 


16th.— British  Society  of  Mining  Students  :  .\niuial 
Meeting  in  the  rooms  of  the  Geological  Society, 
Manchester. 

17th. — Ironmongery  and  Electricity  Exhibition  opens.— 
British  Society  of  Mining  Students  :  Annual  Meeting 
(continued)  in  rooms  of  the  Geological  Society,  .Man- 
chester. 

18th.— Meeting  of  the  North  of  England  Institution  ..* 
Mining  and  Mechanical  Engineers. 

28th.  — Ironmongery  and  Electricity  Exhibition,  last  day. 

31st.  -Institution  of  Mechanical  Engineers  :  Meeting  at 

Leeds. 

August. 
1st.— North    of     England    Instilutioii    of     Mining    and 

Mechanical  Engineers  :  Animal  Meeting. 
13th.— Mining  Institution  of  Scoliaiid  :  General  Meeting 

at  ll.nnilton. 
15th.— Opening     Municipal    Electrical     Convention    at 

Sumierl.ind.— Institution  ol  Junior  Engineers  :  Sunnncr 

Kxciirsioii  to  Shelfield. 
16th  —Municipal     ICIeclrical    Convention  :     Meeting    .it 

Ne\vcastlc-on-Tync. 
17th.  -Municipal     Electrical    Convention  :    Meeting    a! 

Middlesbrough. 
18th.-Vniui:d  G^'iieial  Meeting  L.M.EA  at  Sunderland. 
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THE  DESIGN  OF  PERMANENT-WAY 
AND  LOCOMOTIVES  FOR  HIGH 
SPEEDS. 

MpHE  following  paper  was  read  at  the  recent 
-*■       Engineering   Conference   by   Mr.    James 
Charles  IngUs,  M.Inst.C.E.  :— 

The  impact  on  permanent-way  arises  necessarily 
irom  two  sources  : — 

1.  The  condition  of  the  permanent-way  itself,  and 

2.  The  design  of  the  locomotive. 

The  increase  in  the  train  mileage,  at  any  rate  on 
British  railways,  is  mostly  on  long-distance  traffic. 
This  generally  means  heavy  trains  and  heavy  axle- 
loads,  hauled  at  a  relatively  high  speed. 

The  strength  of  the  permanent-way  and  the  condition 
of  the  road-bed  are  of  the  first  importance,  as  when 
the  permanent-way  is  of  a  relatively  hght  structure,  or 
the  road  improperly  packed  and  badly  drained,  there 
can  be  no  satisfactory  running  at  high  speed.  Indeed, 
with  the  increase  in  high-speed  traffic  there  comes  a 
more  imperative  necessity  to  give  greater  attention 
to  these  matters,  as  well  as  to  the  alignment  of  the 
lines,  and  the  super-elevation  of  the  outer  rail  in  curves, 
than  heretofore. 

The  next  point  iseeiually  important — viz.,  the  main- 
tenance of  a  standard  gauge  width.  The  author  has 
had  instances  of  new  roads  laid  in  straight  line  where 
the  sleepers  had  not  been  adzed,  and  tlie  chairing  had 
been  done  by  hand,  and  it  was  found  that  the  gauge 
varied  to  the  extent  of  j  in.  to  ^.  in.  Although  the 
permanent-way  was  of  a  heavy  section,  the  joints  good, 
and  the  packing  and  ballasting  properly  done,  the 
running  was  not  satisfactory,  so  much  so  that  the 
whole  length  so  laid  was  regauged,  and  the  traffic 
again  sent  over  it  at  high  speed,  with  the  result  that 
the  engines  and  carriages  ran  comparatively  quite 
smoothly. 


POINTS     FOR     SMOOTH     RUNNING. 

Reduction  of  impact  at  switches  and  crossings  and 
smooth  running  through  junctions  are  largely  brought 
about  by  attention  to  the  following  points  : — 

1.  Making  curves  of  easy  radii. 

2.  Using  long  switches  at  diverging  and  converging 
points  and  avoiding  short  rails. 

3.  Working  to  a  uniform  gauge  and  giving  special 
attention  to  levels. 

4.  Restricting  the  speed  on  curves. 

As  crossings  and  junctions  are  very  frequent  in  rail- 
ways in  Great  Britain,  attention  to  those  points  solves 
a  considerable  part  of  the  question  of  smooth  running. 

Swinging  and  swaying  arise  chiefly  from  suddenly 
changing  curvature,  and,  as  this  depends  on  the  laying 
out  of  the  railway  and  the  land  at  the  disposal  of  the 
company,  cannot  be  altered  very  much  in  the  case  of 
existing  railways.  Of  course,  in  new  lines  there  is 
no  general  reason  why  this  disadvantage  could  not  be 
met  in  the  original  laying-out  of  the  line. 

On  lines  with  expresses  running  up  to  60  miles  per 
hour,  no  curves  should  be  of  less  than  40  chains  radius. 
I  am  aware  that  on  many  routes  with  high-speed  traffic 
the  curves  are  sharper  than  this  ;  but,  all  the  same, 
I  think  a  speed  of  60  miles  per  hour  on  curves  of  less 
than  40  chains  radius  should  be  avoided,  and  is 
not  good  work.  At  least  the  length  of  a  train,  say 
700  ft.,  should  be  secured  on  tlie  straight  line  between 
reverse  curves  where  possible. 

I  have  enumerated  shortly  the  main  elements  in 
the  road  which  make  for  reduction  of  impact,  and, 
consequently  smooth  running,  for  the  purpose  of  showing 
that  it  is  recognised  that  no  small  part  of  the  question  hes 
in  the  design  and  up-keep  of  the  road. 

In  Appendix  4  of  the  Report  of  the  Committee 
appointed  by  the  Board  of  Trade  to  inquire  into  the 
vibration  produced  by  the  working  of  the  traffic  on  the 
Central  London  Railway,  on  p.  10  occurs  the  following, 
as   the   result   of  a  mathematical  investigation   of  the 
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wheels  and  rails  in  respect  of  the  action  of  tlie  road 
and  the  irregularities  of  the  surface  in  contact  :  — 

"  If,  however,  the  unstrained  rail  has  an  uneven 
surface,  or  if  there  is  want  of  uniformity  in  its  supports, 
the  stiffer  the  rail  the  smaller  \\ill  be  the  amplitudes 
of  the  vibrations  in  the  ground  and  the  greater  their 
frequencies." 

In  ordinary  language,  at  high  speeds  the  heavier 
the  rail  the  smoother  will  be  the  running  with'  a  given 
up-keep,  a  principle  which  is  working  out,  at  any  rate 
in  this  country  with  the  chair-road,  at  a  weight  of  rail 
oi  90  lb.  to  io«  lb.  per  yard. 

EFFECT    OF     LOCOMOTIVE     DESIGN. 

But  beyond  the  question  of  tlie  jK-rmancnt-way  is 
that  of  the  design  of  the  locomotive  to  run  upon  it, 
which  cannot  be  quite  separated  from  the  former 
question. 

All  who  are  connected  with  railways  know  only  too 
w^ell  that  some  types  of  locomotives,  when  driven  at 
high  speed,  oscillate  laterally  and  vertically  to  a  dan- 
gerous extent  even  on  a  good  road,  and  that  the  only 
way  to  obviate  this  is  to  reduce  the  speed. 

Locomotives  having  four  wheels  coupled  in  front 
and  a  bogie  under  the  footplate — 4.4  American  notation 
— are  of  a  specially  undesirable  class  to  be  run  at  high 
speed.  In  proof  of  this  may  be  cited  the  Doublebois 
accident  on  the  Cornwall  railway  on  May  13th,  1895, 
in  which  two  such  locomotives  of  a  fast  passenger- 
train  left  a  practically  new  Bull-headed  road  having 
easy  curves,  due  to  the  type  of  locomotive  in  use. 

Engines  with  single  drivers  and  only  one  axle  in 
front  with  one  behind  are  likewise  unsatisfactory, 
and  plunge  considerably  at  high  speeds  even  on  good 
roads,  .and  there  can  be  no  doubt  that  the  introduction 
of  the  leading  bogie,  giving  a  longer  wheel-base,  is 
the  greatest  improvement  in  this  respect  which  has  yet 
been  carried  out,  and,  with  the  increasing  weight  on 
the  driving-wheels,  is,  in  my  opinion,  necessary  to 
secure  steadier  running  and  easy  passage  on  curves ; 
drivers  have  much  greater  confidence  in  such  engines. 

Of  late,  owing  to  the  increased  loads  and  the  con- 
sequent desire  to  obtain  greater  adhesion  and  tractive 
force  by  additional  coupling  or  weighting  of  the  coupled 
wheels,  the  "  pony  "  radial  axle  has  come  in,  but  it 
yet  remains  to  be  found  whether  for  fast  running  the 
pony  axle  has  the  advantages  of  the  bogie.  I  think 
not,  and  the  bogie-wheels  are  undoubtedly  safer 
at  diamond  crossings  in  curved  lines. 

Personally,  I  think  the  equalisation  of  weights  by 
the  bogie  over  the  four  points  is  by  far  the  best,  and 
reduces  impact,  and  is  so  important  that,  even  to 
save  a  few  feet  in  length  of  engine  framing,  should  not 
be  given  up. 

The  introduction  ol  levers  to  equalise  the  weight  un 
the  single  leading-axle  with  that  on  the  front  driver 
has  much  to  recommend  it,  although,  in  my  opinion, 
it  cannot  so  satisfactorily  equate  the  varying  weights 
as  the  ordinary  four-wheel  bogie.  This  latitu<le  given 
to  the  driving-wheel  is  not  theoretically  desirable, 
the  object  of  all  steadying  arrangements  being  to 
ensure  that  the  front  end  of  the  engine  shall  creep  and 


not  jump,  and  so  to  prepare  the  way  for  the  driving- 
axles  to  operate  at  their  full  efficiency. 

The  steadier  the  driving-wheels  are  kept  the  greater 
will  be  the  efficiency  and  the  less,  cofisetiuently,  will 
be  the  wear  and  tear  of  the  road.  This  principle 
ought  to  underlie  all  locomotive  building,  and  for  tliis 
reason,  I  think,  the  provision  for  steadying  a  locomotive 
should  be  separate  entirely  from  that  for  tlriving. 

For  the  same  reason,  the  more  the  driving-wheels 
are  ecpialised  as  between  themselves  the  greater  will  be 
the  adhesion  and  tractive  force.  'Jhe  extent  to  which 
this  is  carried  in  America  is  shown  in  Mr.  Cowan's 
paper  on  "  American  Locomotive  Practice."  read  at 
the  Institution  last  session. 

What  maintenance  engineers  on  railways  want  are 
creeping  machines  and  not  hopping  machines,  and  these 
will  cost  locomotive  engineers  less  to  maintain. 

One  advantage  of  the  four-wheel  coupled  engine 
over  the  single,  at  high  speed,  is  the  fact  that  the  counter 
balancing  can  be  spread  over  four  wheels  in  place  of  two. 
No  doubt  this  is  the  principal  reason  that  it  is  so  difficult 
to  build  a  single-driving-axle  locomotive,  even  with  a 
bogie  in  front,  to  run  smoothly. 

Several  companies  in  Britain  have  tried  compound 
locomotives  with  three  and  four  cyhnders,  and  the 
C.reat  Western  are  awaiting  delivery  of  a  French  com- 
pound, having  four  coupled  wheels  .vith  leading-bogie 
and  traihng-axle,  from  the  makers  of  those  used  by 
the  Northern  of  France  Company.  I  have  great  hopes 
that  the  running  of  this  engine  with  its  four  cylinders, 
long  wheel-base,  and  the  weight  concentrated  more 
towards  the  middle,  will  affect  a  further  equalisation  of 
the  counterbalancing,  and  so  conduce  to  smooth  running. 
It  may  be  remarked  that  the  running  behind  com- 
pound engines  in  other  countries  is  not  free  from  oscilla- 
tion, but  from  many  inspections  I  am  inclined  to  attri- 
bute this  to  shortcomings  in  the  road  and  not  to  the 
build  of  the  engine. 

Recent  practice  has  been  in  the  direction  of  raising 
the  centre  of  gravity  of  the  locomotive,  but,  although 
locomotives  with  a  high  centre  of  gravity  are.  theoreti- 
cally, first-class  machines  if  running  on  a  perfect  road, 
I  would  suggest  that  this  practice  has  its  hmit,  and 
that  that  limit  is  now  reached  with  our  present  con- 
ditions, for  the  reason  that  any  imperfection  in  the 
alignment  of  the  road  has  a  correspondingly  increased 
effect  in  developing  swaying  or  side  motion  in  the 
engine  at  high  speed,  which,  when  developeil,  is  more 
intense  and  more  lasting  than  with  lower-built 
l(jcomotives.  It  may  be  gathered  from  the  foregoing 
that  a  practical  disadvantage  is  found  to  arise  from 
such  engines  having  to  run  through  yards  ami  junctions, 
where  the  full  cant  necessary  lor  the  speed  at  which 
the  train  is  running  cannot  be  obtained. 

APPRENTICESHIP  IN  ENGINEERING 
TRAINING. 

IX  the  Machinery  Section   ot    the   C<'nfcieiice 
a  paper  on  "  .\pprciiticesliip  in  Knginecriiig 
Trainint;"  was  tjiven  by  IVoiessor  Jdhn   Dcwar 
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Cormack,  B.Sc,  Assoc. M. Inst. C.E.  The  paper 
was  concerned  with  the  training  of  youths  who 
are  destined  to  be  employers,  manufacturers, 
or  consulting  engineers,  designers,  heads  of 
departments,  technical  managers,  and  men  in 
responsible  positions.  The  following  is  an 
abstract : — 

Until  the  beginning  of  the  last  century,  entrance 
into  the  trades  and  the  professions  could  only  be 
obtained  bj^  means  of  an  apprenticeship  extending 
over  seven  years,  during  which  the  apprentice  was 
bound  to  serve  a  master,  who,  on  his  part,  undertook 
to  keep  the  apprentice,  and  to  teach  him  his  work. 
The  system,  as  it  then  was,  led  to  many  abuses,  and 
the  Act  of  1 8 14  was  designed  to  counteract  these.  It 
opened  wide  the  doors  to  all  except  a  few  professions, 
and  no  restriction  was  placed  either  on  the  manner 
in  which  a  youth  learned  his  future  occupation,  or 
the  duration  of  his  training.  At  that  time  engineering, 
except  in  a  few  branches,  was  just  emerging  from  its 
position  among  the  crafts.  The  removal  of  the  restric- 
ticns  to  entrance  may  have  been  harmful  in  some 
ways,  but  at  all  events  it  allowed  free  entrance 
to  many  men  who,  although  trained  for  other 
pursuit?,  became  pioneers  in  diflerent  branches  of 
engineering. 

Although  the  restrictions  were  removed,  there  still 
remained  the  idea  that  the  proper  way  to  become 
an  engineer  was  to  spend  a  period  of  live  years  or  seven 
years  in  the  workshop  or  office.  Probably,  then,  in 
the  existing  state  of  what  we  are  now  proud  to  call 
the  profession,  this  was  desirable,  but  now,  after  a 
century  which  has  seen  vast  developments  in  engineering 
practice,  and  during  which,  with  ever-increasing 
rapidity,  scientific  discovery  is  turned  immediately 
to  practical  utility,  it  seems  reasonable  that  some 
more  generally  recognised  system  of  apprenticeship 
should  be  devised  or  recommended  to  suit  the  new 
•conditions. 

The  Institution  has  for  many  years  devoted  most 
careful  attention  to  the  conditions  of  training  which 
should  be  fulfilled  by  those  coming  under  its  purview. 
The  "  regular  training  "  prescribed  by  its  by-laws  is 
defined  by  the  Council's  rules  to  involve  a  niininnan 
period  of  three  years'  pupilage  or  training  as  an  assistant 
where  the  standard  of  education  is  simply  that  required 
for  admission  as  a  student  ;  and  such  minimum  period 
of  practical  training  may  be  reduced  to  two  years 
where  a  recognised  college  course  of  study  is  taken. 
In  each  case  the  practical  training  must  comprise  both 
experience  in  the  office  and  in  or  upon  the  works. 

The  Institution  clearly  contemplates  a  scientific 
and  a  practical  training  for  all,  and,  taking  this  as  a 
matter  of  common  agreern,ent,  the  questions  to  be  dis- 
cussed are  : — 

1.  How  shoukl  the  knowledge  and  experience  in 
each  be  acquired  ? 

2.  Is  there  any  arrangement  suitable  for  all  branches 
of  engineering,  and  if  not  what  modifications  are 
required  for  the  difterent  branches  "r' 


3.  Over  what  period  ot  time  should  the  coniplete 
training  extend  ;  and  what  is  the  best  arrangement 
and  division  of  the  time  ? 

Let  us  look  for  a  moment  at  the  raw  material  and 
the  finished  product,  leaving  out  of  account  the  genius 
who  may  achieve  eminence  in  engineering  without 
special  training.  The  raw  material  is  a  youth  of 
seventeen  or  eighteen,  fresh  from  school,  educated, 
perhaps,  to  a  standard  below  that  which  might  be  desired 
or  expected,  and  supposed  to  be  endowed  with  common- 
sense,  natural  aptitude  for  the  profession,  and  sufficient 
physical  strength  ;  and  the  finished  product  is  a  blend 
of  scientific  and  techincal  knowledge,  practical  ex- 
perience, and  business  method.  Our  colleges  should 
supply  the  first  two  requirements,  but  I  venture  ta 
submit  that  the  last  two  can  only  properly  be  acquired 
in  the  workshops  and  offices,  and  that  no  training 
can  be  considered  efficient  that  does  not  include  a 
considerable  period  of  practical  apprenticeship. 

If  it  is  considered  desirable  that  the  training  of  all 
engineers  should  include  experience  in  suitable  work- 
shops and  factories,  speciaUsation  being  confined 
more  or  less  to  the  drawing-office,  the  question  under 
discussion  is  limited  to  the  consideration  of  the  time 
required,  and  the  best  division  of  that  time  between 
the  college  and  the  workshop.  The  duration  of  training 
depends  to  some  extent  upon  the  arrangement  of  the 
course  ;  but,  probably,  it  may  be  safely  said  that  to 
produce  the  ideal  young  engineer  the  training  should 
extend  over  five  or  six  years,  which  might  be  about 
equally  divided  between  the  college  and  the  workshop. 

Is  there  any  one  system  that  is  the  most  desirable  ? 
I  leave  it  to  discussion  chiefly  by  engineers  in  practice, 
as  I  feel  certain  that  the  colleges  are  anxious  to  have  a 
solution  of  this  problem,  and  to  adapt  their  courses 
to  any  scheme  or  schemes  that  may  be  thought  desirable. 

In  this  countrv  at  the  present  time  the  systems 
in  operation  might  be  classed  as  : — 

(fl)   I  and  2,  "  separate  "  systems. 

{b)  3  and  4,  "  combined  "  systems. 

(c)   5  and  6,  "  compromises." 

THE    VARIOUS    SYSTEMS    CRITICISED. 

1.  Workshop  only. — 'fhis  is  a  survival  of  the  old 
traditions.  It  demands  physical  exertion  during  the 
day  and  mental  strain  at  night  if  theory  is  to  be  acquired. 
Many  eminent  men  in  the  past  have  undergone  the 
strain  and  emerged  successfully  ;  but  in  the  future 
the  ever-increasing  demand  upon  the  engineer  will 
render  it  unpractical,  and  almost  impossible. 

Many  clever  youths  enter  the  shops  on  this  system 
with  limited  opportunities,  but  with  great  ability, 
and  })r()vision  should  be  made  for  them  in  any  scheme 
of  training. 

2.  College  only. — Under  exceptional  circumstances, 
such  as  obtain  in  the  United  States,  this  may  be  ex- 
pedient, but  it  is  undesirable. 

3.  Works  before  College. — A  youth  entering  college 
after,  say,  three  years  in  the  factory  and  office,  is  in 
many  respects  a  good  type  of  student.  He  has  gone 
through  the  shops  at  the  receptive  and  imitative 
age  ;     he   has  ascertained   whether  engineering  is  still 
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to  his  liking,  and  comes  to  college  with  a  knowledge 
of  processes,  materials,  and  machinery.  He  has  some 
idea  of  what  lie  wants  to  know  and  what  branch  he 
■wishes  to  enter  ;  but  has  often  wrong  theories  which 
are  difficult  to  uproot.  Teachers  prefer  this  type, 
provided  he  has  continued  his  studies  during  his 
apprenticeship  ,-  but  this  is  not  always  nor  even  generally 
the  case.  The  youth  may  have  forgotten  much  of 
his  school  training,  and,  what  is  worse,  he  may  have 
forgotten  how  to  study.  If  he  has  studied,  it  is  under 
trying  conditions,  when  he  is  physically  tired,  and  he 
may  wish  to  confine  his  studies  to  the  more  interesting 
technical  subjects,  the  science  underlying  them  being 
more  or  less  neglected,  and,  in  consequence,  his  progress 
is  less  rapid.  He  comes  to  college  probably  disinclined 
to  begin  again  and  gain  the  scientific  knowledge  which 
ought  to  precede  all  its  appUcations. 

4.  College  before  Works. — A  youth  fresh  from  school 
and  sufificiently  educated  is  likely  to  make  good  progress 
in  his  scientific  studies.  In  the  technical  work  he  is 
handicapped  by  his  want  of  knowledge  of  manufac- 
turing processes  and  the  operation  of  machines,  and 
is  unable  to  associate  his  theoretical  studies  with 
practical  examples  of  which  he  has  had  experience. 
Laboratories  help  to  some  extent  to  reduce  the  handi- 
cap. If  tliis  was  to  be  the  standard  training  there 
would  be  a  greater  plea  for  college  workshops,  which 
would  supply  some  little  practical  experience,  but 
which  could  not  supplant,  even  partially,  the  workshop 
training  under  commercial  conditions.  Some  may 
urge  that  this  system  produces  a  man  disinchned  to 
undergo  what  he  calls  the  "  drudgery  "  of  the  work- 
shops, but  others  will  be  as  ready  to  admit  that  the 
proper  type  of  jouth  acquires  his  practical  experience 
at  a  much  more  rapid  rate  after  he  has  undergone 
a  college  training,  and  has  no  such  disinclination. 

This  system  may  be  preferred  by  employers  as 
distinguished  from  system  2,  which  may  be  preferred 
by  teachers. 

Other  systems  are  in  vogue,  either  by  accident  or 
design,  whose  object  is  to  avoid  the  disadvantage 
connected  with  "  separate  "  and  "  combined  "  systems 
or  to  minimise  the  required  period  of  training. 

5.  Intermittent  systems. — These  include  the  Works- 
College-Works  and  College-Works-College  systems. 
Many  arguments  can  be  advanced  by  the  advocates 
of  each.  The  first  arrangement  has  to  a  lesser  e.xtent 
the  disadvantages  attached  to  system  3,  and  the  latter 
system  those  of  system  4.  Both  waste  time  in  so  far 
as  the  usual  college  terms  extend  over  only  nine  months 
of  the  year,  and  the  remaining  three  months  may  be 
wasted,  as  few  engineers  care  to  take  youths  for  three 
months  in  the  year.  But,  probably,  on  the  whole, 
this  system  is  preferable  to  3  or  4. 

In  the  College-Works-College  system  the  youth 
fresh  from  school  has  an  opportunity  of  acquiring 
a  foundation  of  science  on  which  to  rest  his  works 
experience  ;  but  if  study  is  not  continued  his  know- 
ledge may  evaporate  in  the  works,  and  at  the  i:ni\  of 
his  training  he  is  out  of  touch  with  his  employers. 

6.  Sandwich    system. — This    system    goes    one    step 


further.  During  a  peri(jd  of,  say,  five  years'  training, 
for  four  years,  six  months  of  each  year  are  spent  in  the 
factory  or  oflice  and  si.x  months  in  the  workshops, 
and  the  additional  year  is  spent  in  tlie  worksliops  or 
office.  It  lessens  the  discontinuity  between  the  two 
parts  of  the  training  and  effects  a  saving  of  time,  inas- 
much as  the  college  long  vacations  are  utilised.  An 
objection  which  may  be  put  forward  is  that  tlie  youtii 
is  always  "  on  the  move."  He  has  no  time  to  settle 
down  to  either  the  workshops  or  college  work,  and  he 
may  have  difficulty  and  extra  expense  in  arranging 
for  lodgings.  It  must  not  be  forgotten,  however, 
that  each  part  of  his  work  forms  a  recreation  lor  the 
other,  and  the  student  is  likely  to  return  to  each  with 
considerable  keenness. 

7.  Concurrent  systems. — These  either  give  lime  lor 
study  in  classes  in  connection  with  workshops,  or 
offer  workshop  training  in  connection  with  college. 
Both  systems  have  already  been  alluded  to. 

The  objections  to  i  and  2  may  be  applied  here.  Time 
taken  off  the  work;^hops  for  study  gives  less  tim.e  for 
the  practical  experience,  and  this  is  not  acquired 
under  strictly  commercial  conditions.  Except  in  the 
verv  largest  works  it  is  impossible  to  provide  the 
requisite  standard  of  teachers,  and  if  it  is  necessary 
that  the  youths  should  breathe  the  atmosphere  of  the 
shops,  probably  it  is  perhaps  equally  necessary  for 
him  to  breathe  the  atmosphere  of  the  college. 

The  list  may  not  comprise  all  the  systems  in  vogue, 
and  the  arguments  for  and  against  them  are  merely 
indicated,  but  it  serves  to  emphasise  the  diversity  of  the 
ways  in  which  a  youth  may  enter  engineering. 

Is  it  not  possible,  at  least  to  some  extent,  to  stan- 
dardise tht>   t  mining  ? 


HIGH-SPEED    ELECTRIC    TRACTION 
ON    RAILWAYS. 

A   PAPER   on   lliis  subject  was  read  at  the 
Engineering^   Conference   by    Mr.    J.    W 
Jacomb-Hood,   M.Inst.C.E.     Tlie    following    is 
an  abstract  : — 

The  subject  divides  itself  conveniently  as  follows 
{a)  generation  ;   (h)  consumption  ;  and  (c)  transmission, 
distribution,  and  collection  of  current. 

GENERATION     OF     CURRENT. 

Of  all  tile  vital  4|uc>lions  cuhulcIcI  with  power- 
stations,  perhaps  none  is  more  important,  although 
diverse  opinions  have  been  exprcssetl.  than  the  econo- 
mical limits  of  size  of  steam  or  gas-generating  sets. 
In  this  country  one  or  other  would  bo,  in  nearly  all 
cases,  the  only  alternative.  The  possible  positions 
of  generating  stations  relative  to  the  railway  will  fre- 
cpiently  decide  sizes  ;  but.  assunung  that  the  power- 
capacity  of  stations  will,  on  occasion,  be  determined 
chiclly  by  the  limit  of  economy  in  generation,  it  i> 
important  that  the  subject  of  the  most  tlesiral)le  maxi- 
mum sizes  of  steam-  or  gas-sets  for  power-stations 
should  be  wtll-ventilalod.      After  taking  account  of  the 
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ijicreased  cost  and  losses  in  extended  transmissioii- 
lines,  reason  would  seem  to  dictate  that  the  power- 
stations  should  be  as  widely  separated  and  as  few  in 
number  as  possible,  to  ensure  steadier  load  and  a 
better  load-factor. 

Power  -station  practice  is  rapidl}'  becoming  stan- 
dardised in  detail,  so  that  it  can  be  foreseen  with  some 
confidence  that  moderate-speed  engines,  directly 
coupled  to  alternators  generating  in  single  or  multi- 
phase form  at  tensions  as  high  as  circumstances  allow, 
will  be  used.  As  economy  in  every  detail  will  have  to 
be  studied,  it  may  be  that  gas-engines  in  connection 
with  a  producer-plant  will  prove  the  ultimate  solution. 

CONSUMPTION     OF     CURRENT. 

Without  invading  the  territor_v  of  the  electrical 
engineer,  it  is  possible  to  bring  forward  one  point  of 
practical  importance  in  connection  with  motor  design. 
The  practice  of  to-day  seems  to  be  almost  universally 
in  favour  of  a  direct-current  series-wound  motor,  with 
automatic  field-regulation,  which  will  run  economically 
at  any  speed  up  to  a  maximum.  On  the  other  hand, 
there  is  the  alternative,  with  some  economical  advan- 
tages to  recommend  it,  of  a  system  that  involves 
the  use  of  smaller  high-tension  currents,  used  in  alter- 
nating single  or  multiphase  motors,  that  are  limited 
to  one  or,  at  most,  two  economical  speeds.  Opinions 
differ  widely  as  to  the  class  of  tratfic  for  which  invariable 
speeds  are  suited  ;  and  it  must  be  confessed  that  it  is 
extremely  difficult  to  foresee  the  effect  that  invariable 
speed  would  have  upon  the  conduct  of  general  railway 
business.  It  is,  however,  tolerably  clear  that  for  any 
class  of  business  variable  speed  is  to  be  preferred. 

Such  points  as  the  position  and  individual  power  of 
motors  are  all  interesting,  but  inasmuch  as  motors 
arranged  on  a  multiple-unit  system  to  ensure  minimum 
train  weight,  and  maximum  weight  available  for 
adhesion,  will  almost  certainly  be  employed  for  high- 
speed railway  service,  whilst  electric  locomotives  of 
high  power-capacity  for  freight,  shunting,  and  other 
general  business,  will  also  be  required  in  the  railway 
business  of  the  future,  time  need  not  be  employed  in 
discussina;  them. 


continental  methods  of  using  bare  overhead  trans- 
mission-lines for  carrying  current  at  high  voltage,  rather 
than  incur  the  heavier  expense  of  cables. 

So  far  as  existing  practice  is  a  guide,  a  system  of 
distribution  to  feed  a  third  conductor-rail  will  appear 
to  meet  thelieeds  of  the  case.  There  are  in  existence 
cases  of  railways  where  large  currents  are  being  collected 
from  a  third  rail  at  speeds  approaching  50  miles  an 
hour,  and  experiments  in  this  direction  indicate  that 
still  larger  currents  than  these  can  be  taken  at  speeds 
up  to  70  miles  an  hour.  But  the  existence  of  a  third 
rail  at  all,  in  any  position,  introduces  troubles  in  the 
upkeep  of  the  road  and  in  other  directions  that  are 
better  avoided  if  possible.  An  overhead-conductor 
system  would  probably  be  less  unwelcome  to  the  main- 
tenance engineeer,  and  from  some  points  of  view  it  has 
advantages  over  any  ground  collecting  system.  But 
here,  again,  if  the  system  is  one  of  high-tension  triphase 
current,  the  duplication  of  conductors  presents  another 
difliculty. 

It  will  be  interestng  to  watch  the  developments  in 
the  United  States  of  the  experiments  about  to  be 
made  with  single-phase  alternating  currents,  involving 
only  one  overhead  conductor.  The  difficulties  in 
the  way  of  collecting  a  comparativeh^  heavy  current 
from  an  overhead  equipment  appear  to  have  been  to 
some  extent  overcome  on  one  of  the  North  Italian 
railways,  and  developments  in  this  direction  may  be  of 
assistance. 

Systems  that  have  been  advocated  of  collection 
from  the  primary  conductor  for  use  in  a  motor-generator 
on  a  locomotive  seem  attractive,  and  inasmuch  as  they 
would  do  away  with  substation  difficuities  and  ex- 
penditure, the  problem  may  thus  be  solved. 

Inasmuch  as  pure  accumulator  systems,  although 
they  may  be  useful  and  economical  for  light  branch- 
services,  are  not  thought  to  have  any  promise  for 
heavy  general  railway  work,  no  further  mention  of 
them  seems  called  for. 

In  these  notes  the  author  has  attempted  to  put  forward 
in  the  briefest  possible  manner  some  of  the  main  points 
that  demand  the  consideration  of  all  who  are  interested 
in  this  important  subject. 


TRANSMISSION,     DISTRIBUTION,     AND     COLLECTION 
OF     CURRENT. 

The  principles  of  generation  and  consumption  of 
current  being  determined,  systems  of  transmission, 
distribution,  and  collection  must  to  a  large  extent 
follow.  But  it  is  here  that  the  practical  difficulties 
present  themselves  most  formidably  to  the  railway 
man.  With  all  the  complications  due  to  dense  traffic 
within  a  very  limited  construction-gauge,  and  with 
the  imperative  need  of  safeguarding  life  and  limb,  it 
is  difficult  to  see  how  any  system  of  distribution  is  to 
be  carried  out  without  serious  objection.  This  part 
of  the  problem  needs  the  fullest  consideration  that  the 
conference  can  give. 

Transmission,  perhaps,  has  the  fewest  difficulties. 
In  view  of  the  urgent  need  for  economy  in  first  cost, 
it  is    to   be   hoped   that    we   may  in    time   accept   the 


PERCUSSIVE    COAL-CUTTERS. 

THE  following  is  an  abstract  of  a  paper 
by  Sir  Thomas  Wrightson,  Bart,  M.P., 
M.Inst.C.E.,and  Mr.  John  Morison.M.Inst.C.E., 
included  in  the  section  of  the  Engineering  Con- 
ference devoted  to  "  Mining  and  Metallurgy  ": — 

It  has  been  a  reproach  of  long  standing  to  British 
engineers  that  coal-cutting  by  machinery  has  not  been 
applied  in  this  country  so  successfully,  nor  to  such  an 
extent,  as  in  the  United  States  of  America  and  in 
Canada. 

Mr.  Kitchie,  when  Home  Secretary,  gave  very  em- 
phatic  expression    to    this   reproach  in    the   House   of 


Notable    British    Papers   of   the    Month. 


<>3 


Commons  last  year,  on  the  occasion  of  the  discussion 
of  a  Bill  relating  to  labour  in  mines,  when  he  said  : 
"  One  great  complaint  which  I  am  inclined  to  make 
about  our  mineowners  is  that  they  are  not  availing 
themselves  of  coal-cutting  machineiy  to  anything 
like  the  extent  they  ought  to  do— to  anything  like  the 
extent  to  which  it  is  done  in  the  United  States,  where 
the  quantity  of  coal  cut  by  machinery  of  late  years 
has  arisen  enormously,  while  it  is  almost  at  a  standstill 
in  this  country." 

Careful  examination  of  the  position  in  respect  of 
coal-cutting  in  this  country  and  in  America  leads, 
in  the  authors'  opinion,  to  the  following  conclusions  : — 

(fl)  That  in  America  machine  coal-cutting  has  been 
successful  both  in  respect  of  the  relative  cost  of  hand 
to  machine-work,  and  in  respect  of  the  universal 
adoption  of  machines. 

(b)  That  in  this  country,  in  both  respects,  up  to  the 
present  time,  almost  the  opposite  experience  has  been 
the  result  of  the  adoption  of  machinery,  it  being  found 
that  the  generally  expressed  opinion  is  that  the  economy, 
except  in  special  cases,  is  doubtful,  whilst  the  use  ot 
machines  is  extending  very  slowly,  and  their  general 
adaptability  is  very  far  from,  being  recognised. 

Looking  more  closely  into  the  causes  of  this  appar- 
ently anomalous  position,  it  is  the  authors'  opinion 
that  they  may  be  traced  to  the  following  : — 

1.  To  the  more  favourable  general  conditions  of 
the  American  coal-seams  in  respect  of  thickness, 
depth,  and  inclination. 

2.  To  the  softer  nature  of  the  American  seams. 

3.  To  the  fact  of  the  two  conditions  above  stated 
lending  themselves  to  the  easy  application  of  machinery 
of  the  type  of  the  American  percussive  or  punching 
machine,  and  other  machines  which  do  not  require 
a  longwall-face  or  any  other  special  conditions  in 
working,  but  which  are  adapted  to  the  ordinary  systeia 
of  working  prevailing  in  a  mine. 

The  conditions  in  this  country  differ  in  respect  of 
the  hardness  of  the  coal  and  the  thickness  generally 
of  the  seams  ;  but  the  prevailing  feature  which,  in 
the  authors'  opinion,  has  been  the  cause  of  the  failure 
of  percussive  machines  in  this  country  and  their  success 
in  America,  is  the  harder  nature  of  th.e  coal-scams 
here. 

Percussive  machines  of  the  Anierican  type  have  been 
over  and  over  again  tried  in  this  country  and  aban- 
doned, and,  at  the  present  tin;e,  if  any  are  working 
successfully  it  is  not  generally  known,  and  is  nowhere, 
to  the  authors'  knowledge,  recorded.  In  America, 
on  the  contrary,  the  prevailing  machine,  and  the 
machine  which  at  the  present  time  is  mining  njost 
coal,  is  the  percussive  machine.  Thousands  of  these 
are  in  use  daily,  and  apparently  they  are  worked 
v.ithout  any  great  difficulty  in  their  nianipuiation. 

CONDITIONS     NECESSARY     TO     SUCCESS. 

It  appears  to  the  authors  that,  in  order  to  obtain 
success  in  cutting  hard  coals  with  a  percussive-machine. 
Ihcie  are   two  essential  conditions  necessary   in  order 


to   obtain    the    success    which    has    been    obtained     in 
America.     These  are  : — 

1.  A  heavier  blow  from  the  machine,  in  order  to 
obtain  more  rapid  cutting. 

2.  Mechanical  arrangements  for  taking  the  recoil 
off  the  {)perator. 

The  latter  has  been  attempted  in  several  machines, 
chiefly  of  German  manufacture,  by  mounting  an 
ordinary  rock-drill  upon  a  column,  which  entirely 
removes  the  shock  or  recoil  from  the  operator.  In  this 
arrangement  the  cutting-tool  is  swept  round  with  the 
column  as  a  centre,  and  the  point  of  the  tool  acting 
upon  the  face,  is  fed  up  as  the  cut  is  eftected,  to  a  larger 
radius,  a  longer  tool  being  put  in  when  the  feed-screw 
of  the  machine  is  exhausted.  This  form  of  percussive 
coal-cutter  has  only  recently  been  introduced  into  this 
country,  anrl  appears  to  have  attained  a  considerable 
measure  of  success. 

The  authors,  after  very  prolonged  experiments, 
have  producetl  a  machine  (exhibited)  in  which  their 
aim  has  been  : — 

1.  To  take  the  recoil  of  the  blo'.vs  oft  the  operator. 

2.  To  increase  the  force  of  the  blows  on  the  coal- 
face ;  to  strike  such  a  number  of  blows  as  will,  in  the 
hardest  coal,  effect  an  economical  speed  of  cutting  ; 
and  to  mount  the  machine  so  that  it  can  readily  be 
removed  from  one  pari  of  the  workings  to  another. 

CONCLUSIONS. 

The  authors  take  the  view  that  American 
success  is  due  to  the  punching  or  percussive 
machine,  and  to  its  adaptabihty  to  the  prevailing 
system  of  mining.  That,  given  the  possibility  of 
cutting  out  the  narrow  work  in  a  mine  rapidly  and 
economically,  the  system  of  roads  formed  in  the  solid, 
as  against  those  formed  in  the  goaf,  or  longwall-roads, 
presents  in  many  instances  considerable  economical 
advantages  and  that  coal-cutting  bv  machines  adapted 
to  these  conditions  is  a  more  advantageous  application 
than  longwall  machines,  where  the  process  of  "  kirving  " 
or  undercutting  is  a  smaller  proportion  of  the  total 
labour  costs  than  in  the  boanl-aml-pillar  system, 
whilst  the  latter  system  presents,  apart  from  the  cost 
of  forming  the  first  workings,  many  atlvantageous 
economical  conditions. 

They  are  also  of  opinion  that  the  (xirtability  of 
the  percussive  machine  renders  it  applicable  to  a  more 
general  extent  than  the  heavier  longwall  machines, 
which  involve  rc(|uirements  such  as  freedom  from 
faults,  gootl  roofs,  and  uninterrupteil  stretches  ot 
coal,  conditions  which  do  not  e.\ist  to  such  an  extent 
as  to  render  the  application  of  the  heavier  longwall 
machines  in  all  cases  economical. 

There  is  the  further  consitleratioii  that.  whiKt  in 
the  percussive  machine  wear  and  tear  is  practically 
ml  and  breakdown  renmte.  in  the  longwall  machines* 
wear  and  tear  is  very  heavy  and  stopjiage  imminent. 

It  Is  therefore  the  authors'  opinion  that,  as  in  America, 
.so  It  will  be  here,  the  percussive  machine  will  be  the 
one  which  will  iiliim.iiii\  soKr  the  problem  ol  mechani- 
cal coal-cuttiiiL; 
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ELECTRIC     versus     HYDRAULIC 
APPLIANCES    IN    DOCKS. 

TX  the  course  of  a  short  paper  contributed  to 
-*-  the  Engineering  Conference,  Mr.  WaUer 
Pitt,  M.  Inst.C.E.,  dealt  with  "The  Modern 
Equipment  of  Docks,  with  special  reference  to 
Hydraulic  and  Electric  Appliances."  He  argued 
that  the  electric  transmission  of  power  can  do 
everything  that  the  hydraulic  transmission  of 
power  can,  and  a  great  deal  more  besides,  and 
it  does  it  at  a  cheaper  rate.  His  argument, 
summarised,  was  as  follows  : — 

1.  The   first   cost   of  an   electric  installation   is  not 
more  than  that  of  a  hydraulic  plant. 

2.  The  cost  of  upkeep  is  no  more. 

3.  The  electric  machines  are  more  efficient  and  take 
less  power  for  the  same  work  done. 

4.  The  power  is  less  costly  to  generate. 

5.  The  transmission  losses  are  less. 

6.  The  general  adaptability  is  incomparably  greater. 


THE    DECAY    OF    METALS. 

AT  an  ordinary  meeting  of  the  session 
•^^  of  the  Institution  of  Civil  Engineers, 
Messrs.  S.  T.  Milton  and  W.  S.  Larke  con- 
tributed a  paper  on  the  above  subject.  The 
authors  remarked  that  the  durability  of  metals 
under  the  conditions  in  which  they  are  actually 
used  is  of  great  importance,  and  must  alwaj^s 
receive  as  careful  consideration  from  engineers 
as  questions  of  strength  or  cheapness.  Copper, 
brass,  gun-metal,  and  other  alloys  are  chosen 
for  use  on  account  of  their  durability  ;  but  even 
these  metals  are  sometimes  found  to  corrode  or 
decay  rmder  seemingly  obscure  conditions.  It 
was  to  cases  of  such  decay,  and  to  a  discussion 
on  their  probable  causes,  that  the  paper  was 
devoted. 

The  following  examples  of  the  decay  referred 
to  were  adduced  : — 

1.  The  pitting  of  the  tuljcs  of  marine  surface-con- 
densers. 

2.  The  decay  of  brass  or  yellow-metal  bolts  in 
composite  vessels,  and  in  the  mider-water  fittings  of 
iron  and  steel  ships. 

3.  The  decay  of  the  brazing-metal  in  copper  steam- 
pipes. 

4.  The  deterioration,  as  distinguished  from  oxidation, 
of  cast  iron  used  for  parts  of  marine  engines,  and  also 
for  other  appliances  which  were  in  frequent  or  con- 
tinuous contact  with  sea-water. 

5.  The  decay  of  some  propellers  made  of  the  patent 
bronzes  w-hen  fitted  to  copper-bottomed  \essels. 


In  the  case  of  condenser-tubes  it  was  apparent  that 
some  of  the  metal  became  eaten  away  into  holes,  while 
in  the  other  cases  mentioned  the  metal  appeared  to 
retain  its  original  form.  The  authors  termed  the  former 
action  "  corrosion,"  and  the  latter  "  decay." 

Chemical  anatysis  of  the  decayed  portions  showed 
that  a  change  had  occurred  in  the  composition  of 
the  metal,  but  did  not  explain  why  its  strength  and 
properties  were  so  completely  modified.  It  showed  that 
in  copper-zinc  alloys  the  process  had  been  mainly  one 
of  dezinckification,  or  loss  of  zinc,  while  in  cast  iron, 
part  of  the  iron,  and  possibly  also  of  the  manganese, 
had  disappeared,  the  whole  of  the  graphitic  carbon 
remaining. 

IN     COPPER     ZINC     ALLOYS. 

Although  the  decay  of  copper-zinc  alloys  had  been 
known  for  many  years,  the  first  published  research  into 
its  cause  appears  to  have  been  made  by  Professor 
Arnold,  who  in  1S9S,  investigated  the  case  of  the  failure 
of  a  marine  boiler  steam-pipe.  He  pointed  out  that 
the  brazing-metal  of  the  pipe,  when  microscopically 
examined,  was  seen  to  possess  a  duplex  structure, 
similar  to  that  of  Muntz  metal,  both  constituents  being 
definite  chemical  compounds  of  copper  and  zinc,  but 
one  richer  in  copper  than  the  other  ;  and  he  attributed 
the  decay  to  local  galvanic  action  set  up  between  these 
constituents,  whereby  in  the  first  stage,  the  one  less 
rich  in  copper  becomes  dezinckified,  and  subsequently 
that  richer  in  copper  also  lost  its  zinc,  the  whole  then 
becoming  a  spongy  mass  of  copper. 

Microscopic  study  showed  that  the  Muntz  metal 
tube-plates,  rods,  etc.,  illustrated  in  the  paper  had  been 
subject  to  similar  decay  to  that  pointed  out  by  Pro- 
fessor Arnold,  and  also  that  in  the  decay  of  cast  iron 
the  complexity  of  structure  doubtless  led  to  the  same 
result,  the  decay  in  this  case  advancing  along  the  lines 
of    the    graphite    plates    and    leaving    the    phosphide 

eutectic  portions  till  the  last. 

I 
IN     CONDENSER     TUBES. 

This  explanation  of  local  galvanic  action,  however, 
did  not  account  for  the  corrosion  and  decay  of  con- 
denser-tubes which  were  made  of  an  alloy  not  having  a 
duplex  structure  ;  nor  did  it  explain  why  cast  iron  in 
some  cases  did  not  decay,  even  although  its  composition 
and  structure  were  the  same  as  in  other  cases  where 
decay  took  place. 

Condenser-tubes  were  usually  made  of  an  alloy 
consisting  of,  nominally,  70  per  cent,  copper  and  30  per 
cent.  zinc.  The  Admiralty  specification  was,  not  less 
than  70  per  cent,  copper  and  i  per  cent,  tin,  the  re- 
mainder being  of  zinc  ;  while  one  of  the  large  mail 
steamship  companies,  as  the  result  of  considerable 
experience,  had  the  tubes  made  of  78  per  cent,  copper, 
21  per  cent,  zinc,  and  i  per  cent.  tin. 

These  were  nominal  compositions,  for  commercial 
copper  and  zinc  were  rarely  pure.  If  the  impurities 
became  uniformly  diffused  through  the  mass  of  the 
alloy  it  would  still  be  homogeneous,  but  if  they  had  a 
tendency  to  segregate,  as  it  was  well  known  some 
elements  did  in  steel,   there  would  still  be  such  want 
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of  uniformity  as  might  set  up  local  galvanic  action  and 
lead  to  local  pitting  or  corrosion.  Segregation  was  not 
only  possible  during  the  solidification  of  the  alloy  in 
the  original  casting,  but  might  also  occur  while  the 
metal  was  at  a  high  temperature  during  the  operation 
of  annealing,  which  was  several  times  repeated  in  the 
course  of  the  drawing  process. 

If  segregation  occurred  during  solidification  only,  the 
drawing  process  would  cause  the  impure  portions  to  be 
much  elongated  in  the  direction  of  the  tube's  length, 
and  the  resulting  corrosion  would  be  seamy  ;  whereas 
if  it  occurred  also  to  a  marked  degree  during  annealing, 
the  corrosion  would  affect  more  roimded  areas.  Exami- 
nation of  the  insides  of  condenser-tubes  revealed  cases  of 
deep  corrosion  of  both  kinds  ;  but  in  addition  it  was 
seen  that  the  general  surface  of  the  inside  of  the  tubes 
had  become  partially  dezinckified  to  an  extent  sufficient 
to  cause  it  to  crack  when  the  tube  is  flattened. 

EXPERIMENTS. 

In  order  to  deternnne  whether  the  various  impurities 
which  are  commonly  present  in  copper-zinc  alloys  do 
tend  to  segregate  or  diffuse  during  annealing,  some 
experiments,  detailed  in  an  appendix,  were  made. 
These  experiments  incidentally  threw  some  light  upon 
the  changes  of  structure  which  IMuntz  metal,  and  also 
the  70-30  copper-zinc  alloy  underwent,  due  to  changes 
of  heat  treatment; 

It  was  pointed  out  that  considerable  protection  was 
given  to  copper-zinc  alloys,  when  exposed  to  the  action 
of  sea-water,  by  the  practice,  adopted  by  the  Admiralty, 
of  requiring  the  addition  of  at  least  i  per  cent,  of  tin 
to  all  such  alloys. 

CONCLUSIONS. 

The  conclusions  arrived  at  were  : — 

1.  Iron. — Beyond  the  very  small  portion  which 
doubtless  existed  in  a  state  of  solid  solution  in  the  brass, 
iron  occurred  in  combination  with  zinc  as  small  isolated 
particles,  which  were  neither  diffusable  nor  liable  to 
segregation.  These  particles  were  probably  a  zinc-iron 
alloy. 

2.  Lead. — A  small  portion  of  this  metal  would  also 
exist  in  brass  in  a  state  of  solid  solution  ;  but  beyond 
the  saturation  point,  lead  did  not  diffuse  into  brass. 
A  small  proportion,  however,  in  solid  solution 
materially  increased  the  liability  to  corrosion. 

3.  Tin. — This  metal  could  exist  in  small  proportions 
in  solid  solution  in  brass  and  in  Muntz  metal.  In  the 
latter  it  probably  entered  into  both  micro-constituents  ; 
but  when  present  it  certainly  occurred  in  the  one  which 
was  richest  in  zinc,  as  was  shown  by  the  jirotective 
effect  it  gave  to  this  constituent  against  corrosion 
in  sea-water.  In  larger  quantities,  tin  would  also 
diffuse  into  brass,  the  extent  of  the  diffusion  depcndnig 
upon  the  temperature  to  which  it  was  raised. 

4.  Zinc. — Zinc  alloyed  with  copper  in  all  i)roj)ortions. 
and  if  it  was  net  uniformly  tlistributed  thnnigh  the 
metal,  it  tended  to  become  so  by  prolonged  heating. 

Some  experiments,  detailed  in  a  second  appendix, 
were  also  made  to  determine  the  galvanic  action  between 
copper,  iron,  brass,  Muntz  metal,  etc.,  when  in  contact 


with  sea-water;  and  other  experiments  showed  tiiat 
weakly  applied  currents,  when  long  continued,  had  a 
decided  corrosive  action  upon  copper  and  its  alloys 
when  immersed  in  sea-water,  the  amount  of  corrosion — 
with  the  same  current — being  greatest  in  those  con- 
taining the  highest  proportion  of  copper. 

With  a  current  of  o-ooi  ampere  acting  on  an  immersed 
area  of  forty  square  centimetres  in  the  case  of  Muntz 
metal,  the  wasting  produced  was  confined  to  the 
dezinckification  of  the  constituent  poorest  in  copper  ; 
but  the  same  current,  acting  upon  sixty  square  cen- 
timetres of  ordinary  brass  condenser-tubes,  gave  rise  to 
a  fairly  uniform  corrosion,  both  the  copper  and  the 
zinc  of  the  alloy  being  dissolved. 

SUMMARY     OF     RESULTS. 

Summarising  the  results  of  the  investigation  it  would 
appear  that — 

1.  Decay  was  more  frequent  in  metals  Avhich  had  a 
duplex  or  more  complex  structure  than  in  those  which 
were  comparativelj-  homogeneous. 

2.  Decay  was  due  to  a  slower  or  less  energetic  action 
than  that  causing  corrosion,  and,  moreover,  it  required 
an  action  which  removed  part  only  of  the  constituents 
of  the  metal,  whereas  corrosion  removed  all  the  material 
attacked. 

3.  Both  decay  and  corrosion  might  result  from 
chemical  action  alone,  or  from  chemical  and  electrolytic 
action  combined. 

4.  Pitting,  or  intense  local  corrosion,  was  probably 
often  due  to  local  segregation  of  impurities  of  the  metal ; 
but  it  might  also  in  some  cases  be  due  to  local 
irregularities  of  surface  or  structure  producing 
local  irregularities  in  the  distribution  of  galvanic 
currents. 

5.  In  the  case  of  brass  exposed  to  sea-water,  tin 
was  distinctly  preservative,  while  lead  and  iron  were 
both  injurious,  rendering  the  brass  more  readily 
corrodible.  The  percentage  of  the  latter  elements 
should,  therefore,  be  kept  as  low  as  possible  in  the  case 
of  all  metal  intended  for  purposes  where  contact  with 
sea-water  was  inevitable. 

6.  With  a  view  to  obtain  a  minimum  of  corrosion, 
the  internal  surfaces  of  condenser-tubes  should  be  as 
smooth  and  uniform  as  possible ;  and  in  order  to 
ensure  this,  the  cast  pipe  from  which  they  were  drawn 
should  be  smoothly  bored  inside,  either  Ix-fore  the 
drawing  was  commenced,  or  in  an  early  stage  of  tho 
process,  as  was  done  in  tiie  manufacture  of  brass 
boiler-tubes. 

7.  The  exjiermients  with  an  applied  current  show 
that  electrolytic  actu)n  alone,  evcu  wlierL*  exceedingly 
minute  currents  were  in  question,  might  result  in  very 
severe  corrosion  (»r  decay.  ICvery  ellort,  therefore, 
shoukl  be  made  to  |)revent  such  action,  by  careful 
insulation  of  all  electric  ca!)les.  Where  galvanic 
action  was  inevitable  through  the  proximity  of  ditfcr-jnt 
metals  exposed  to  the  same  electrolyte,  the  currents 
resulting  shoukl  be  neutralised  l)y  the  application  ol 
zinc  plates  in  the  circuit,  so  arranged  that  they  would 
be  negative  to  both  of  the  other  metals. 


NEW  CATALOGUES. 


Mather  and  Piatt,  Ltd.,  Manchester.— This  firm  is  bringing 
out  a  series  of  elaborate  and  beautifully  illustrated 
booklets.  The  electrical  textile  and  engine  departments 
have  been  split  up  into  some  half  dozen  or  more 
sections,  which  have  been  extensively  dealt  with  from 
time  to  time.  From  the  most  recent  that  has  been 
published,  entitled  "Artesian  Wells  and  Bore  Hole 
Pumps,"  we  gather  that  quite  a  large  business  is  being 
done  by  the  firm  in  this  direction.  A  short  description 
is  given  of  the  methods  employed,  namely  the  fiat 
and  the  round  rope  systems,  with  illustrations  of  the 
machinery  and  pumps.  Other  specialities  include 
water  filters,  in  various  standard  sizes,  having  capacities 
ranging  from  6,500  to  500,  000  gallons  per  24  hours — 
and  a  water  softening  apparatus. 

The  Electrical  Company,  Ltd.,  Charing  Cross  Road, 
London,  "W.C. — .V  i'>-page  "Fan"  catalogue,  contain- 
ing descriptions,  with  half-tone  illustrations  and  prices 
of  the  "  E.C.  "  electric  fans  and  ventilators  of  many 
designs,  including  the  "  wall,"  "desk,"  or  "ceiling,"  for 
continuous,  alternatmg,  and  three-phase  current  motors 
in  any  voltage  up  to  440.  At  a  little  extra  cost  perfume 
distributors  can  be  attached.  For  fans  of  any  other 
capacity  or  description  (not  mentioned  in  this  catalogue) 
reference  is  made  to  price  list  No.  2,  11)03. 

ThePortableBuildingCompany,Ltd.,  Fleetwood,  Lanes. — 

Catalogue  of  7')  pages  and  cover  illustrating  and 
describing  portable  and  permanent  timber-framed 
buildings,  the  majority  of  which,  we  are  told,  have 
been  selected  from  buildings  actually  erected  and 
completed  by  this  firm  in  various  parts  of  the  world, 
including  chalets,  residences,  shooting  boxes,  bungalows, 
cottages,  a  "collapsible  tent,"  portable  iron  buildings, 
studios,  billiard  rooms,  pavilions,  club  houses,  etc.,  etc., 
A  speciality,  of  which  we  understand  this  firm  has 
made  a  careful  study,  is  the  erection  of  sanatoria  for 
the  open  air  cure  of  consumption,  and  illustrations  are 
given  of  several,  as  well  as  hospitals,  etc.,  which  have 
already  been  built  in  various  parts  of  the  country.  The 
list  of  the  patrons  w^hich  appears  at  the  end  of  the  book; 
includes  many  well-known  names. 

The  Cruse  Controllable  Superheater  Company,  of  5, 
Blackfriars,  Street,  Manchester,  have  issued  a  4«-page 
booklet  descriptive  ui  then-  controllable  superheater 
and  dry  steam  generator.  It  is  claimed  that  this 
generates  superheated  dry  steam  with  the  superheat 
under  immediate  control,  and  adjustable  at  will  to  the 
requirements  of  each  case  as  work  and  circumstances 
may  demand  ;  that  it  effects  (1)  a  considerable  economy 
in  fuel  in  the  generation  of  steam,  or  an  equivalent 
increase  in  the  evaporative  capacity  of  the  boiler  ; 
(2)  a  considerable  economy  in  steam  at  the  engines, 
or   an   equivalent   increase    in  power  ;  (3)  continuous 

•  and  regulated  circulation  of  the  boiler  water  ; 
(4)  efticient  heating  of  the  feed  water.  A  number  of 
excellent  diagrams,  printed  on  art  paper,  are  bound  up 
with  the  book,  which  makes  interesting  reading. 

The  Nicholson  Ship  Log  Company,  Cleveland,  Ohio, 
U.S.A.— An  illustrated  booklet  describing  the 
Nicholson  Ship  Log  —  a  contrivance  which  auto- 
matically indicates  the  speed  of  a  vessel,  in  miles  or 
knots,  per  hour,  on  a  dial,  and  registers  the  same  on  a 


counter,  also  on  a  paper  record  chart  with  the  day  of 
the  week  and  hour  of  the  day.  The  log  is  enclosed  in 
a  case  with  plate  glass  front  and  sides  31  in.  high, 
K)  in.  wide,  and  9  in.  deep,  and  can  be  placed  in  the 
pilot  house,  captain's  cabin,  engine  room  or  main 
saloon.  We  are  informed  it  is  well  adapted  for  use  on 
steamships,  sailing  vessels  or  yachts,  and  is  not  liable 
to  get  out  of  order.  It  is  claimed  that  with  the 
Nicholson  Log  all  the  difficulties  of  the  old  style  of  log 
are  completely  overcome,  inasmuch  as  there  is  nothing 
to  affect  its  reliability,  as  the  water  will  always  have 
the  same  action  in  the  float  pipes,  notwithstanding  the 
weather  or  the  condition  of  the  surface  of  the  sea,  and, 
being  practically  automatic,  very  little  attention  is 
required  except  to  wind  the  clock  and  change  the 
paper  record  once  a  day. 

Messrs.  C.  "W.  Burton  Griffiths  and  Co..  of  Ludgate  Square, 
Ludgate  Hill,  London,  E.C.,  and  59,  Finnieston  Street, 
Glasgow,  have  just  issued  a  new  catalogue  specially 
relating  to  engineers'  small  tools,  and  intended  princi- 
pally for  the  use  of  mechanics  working  to  e.xact 
measurements.  The  numerous  tools  are  very  fully 
illustrated  and  described,  and  the  catalogue  should  be 
invaluable  to  engineers,  machine  tool  builders,  motor 
manufacturers,  electricians,  bicycle  makers,  mathe- 
matical instrument  makers,  amateurs,  and,  in  fact, 
all  who  require  tools  of  precision.  The  first  two 
pages  show  portions  of  the  small  tool  department.  The 
various  tools  are  admirably  displayed  in  a  handsome 
oak  frame  cabinet,  the  drawers  of  which  are  provided 
with  glass  fronts  each  having  a  sample  board  covered 
with  red  plush,  so  that  visitors  can  see  the  contents  at 
a  glance.  Several  cabinets  are  devoted  to  the  Standard 
Tool  Company's  twist  drills.  The  tools  illustrated 
can  be  used  by  metal-workers,  wood-workers, 
pattern-makers,  plumbers,  etc.,  and,  owing  to  its 
completeness,  the  catalogue  may  be  studied  with 
advantage  by  students  in  technical  schools. 
Amongst  other  specialities  dealt  with  are  micro- 
meter calipers  of  different  sizes  for  measuring  up 
to  12  inches  by  thousandths,  half-thousandths,  and 
even  ten-thousandths  of  an  inch  ;  Vernier  calipers, 
squares,  hardened  steel  rules,  dividers,  surface  gauges, 
depth  gauges,  levels,  combination  squares  and  sets 
(with  hardened  and  unhardened  heads  and  blades), 
draughtsmen's  protractors  and  scales,  and  "  l^nion " 
iron  and  wood  planes.  Eleven  pages  are  devoted  to 
various  kinds  of  fixed  caliper  gauges,  limit  gauges, 
thread  gauges,  etc.,  and  other  sections  deal  with  the 
Standard  Tool  Company's  twist  drills,  reamers,  milling 
cutters,  gear  cutters,  etc.,  taps  of  all  kinds,  stocks  and 
dies,  and  the  Union  Manufacturing  Company's  chucks. 
The  whole  of  the  chucks  made  by  this  firm  have  lately 
been  remodelled.  Other  useful  articles  catalogued 
include  lathe  tool  holders,  expanding  mandrels,  ratchet 
drills,  wrenches,  breast  drills,  hack  saws  and  frames, 
tapping  attachments  and  die  heads,  "  Woodruff " 
patent  keys  and  cutters,  surface  plates,  automatic  belt 
shifters,  for  shifting  the  belt  from  one  step  to  another 
on  the  cone  of  a  countershaft  without  stopping  the 
machine,  the  "Sterling"  solid  Corundum  emery 
wheels,  belt  lacing  and  fasteners,  trucks,  grindstones, 
etc.  Several  pages  at  the  end  of  the  book  are  devoted 
to  tables  of  useful  information. 
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Miscellaneous 


Incandescent     Lamps 


1 


OVER 

TWENTY 

YEARS' 

EXPERIENCE 


QUALITY 

and 
PRICE 

RIGHT 


SEND     FOR     PRICE    LIST    TO 


The   Brush   Electrical 
Engineering   Co   Ld 


Victoria  Works  f 

Belvedere    Road  f 

LONDON   S  E  : 

(South  End  of  Charing  Cross  Footbridge  F 


HADFIELD'S  cos^^  LAY-OUTS 


OF     EVERY    SIZE     AND     DESCRIPTION 


HADFIELD'S  PATENT  MANGANESE  STEEL 

IS    THE    BEST    MATERIAL    FOR 

TRAMWAY  TRACK 


TRAMWAY  POINTS  &  CROSSINGS 

TRAMWAY  WHEELS  &  AXLES 

TIE-BARS,  Etc.,  Etc. 

HADFIELD'8eT.e.™uWoo-o  SHEFFIELD. 
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Engines 


John  Fowler  &  Co. 


(LEEDS) 


LIMITED. 


Electrical    and    General 
Engineers. 


Steam  Plough  WorKs  : 

LEEDS. 


Fowler's  Road  Locomotive.  Designed  for  all  Kinds  of  Steam 
Haulage,  and  is  also  available  for  temporary  belt  driving. 
Three  sizes  of  this  Engine  are  standardized,  and  employed 
approximately  for  20,  30,  and  40  ton  loads.  A  special  heavy 
Engine  is  also  made  equal  to  a  load  of  50  tons,  and  called 
the  "  Lion  "  type.  The  Engine  was  thus  named  by  the 
War  Office  Authorities,  who  employed  a  number  of  them 
in  the  South   African   Campaign. 
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Engines 
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GALLOWAYS  Lie.. 

MANCHESTER. 


High=Speed  Engines. 


QUICK    DELIVERY. 


Compound    and    Triple    Expansion. 


SLOW=SPEED    CORLISS    ENGINES    for    Mill    WorK. 

Galloway   Boilers.  immediate  delivery. 


All    Sizes    and    all    Pressures. 


WROUGHT    STEEL    SUPERHEATERS. 


The    Safest    anil     Most    Reliable    on 
the     MarKet. 


Telegrams:    GALLOWAY,     MANCHESTER. 


London   Office  :     17,     PHILPOT     LANE,     E.G. 


<^  >^  <^  "^r  <^  <^  <^  "^  >^  >^  >«  <^  >^  <^  >«  N^  >«  >^  >^  <^  >^  >^  <^  >^  >^  <^  >^  >l^  >«  >^  O^  O^  "^  >^  >^ 'It' "^  ^^  «^  "^^  "^  ""^  '  \ 
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f  Conveying  Machinery 


GRAHAM,  MORTOM 


&    CO.,    LTD. 


WORKS;    LEEDS,    ENG. 

COHVEYING 
PLANTS. 


HOTOGRAPHS 
f  CONVEYORS 

urin^'  ciinstructinii 
1  our  Yard.  The 
otal  len<i;th  of  the 
onvexors  bein<j; 
iver  i,4co  It. 
-arge  Conveyor  is 
)ver  3C0  ft.  loii;;-, 
iiid  will  handle  ico 
tons  per  hour. 


SHIPPING  ORDERS 

PACKED  & 
DELIVERED  F.O.B. 

OR 

PACKED, 
DELIVERED  & 
ERECTED  IF 

REQUIRED 


1  Conve\ors  erected 
ill    our    Works    betoie 
shipment. 


VVe  make  Con- 
veyors of  any 
length  tor  hand- 
ling all  classes  of 
materials. 


London   Office  : 

LENNOX    HOUSE, 
NORFOLK  STREET, 
STRAND.   W.C. 

Australian  Office  :  - 

MUTUAL  LIFE  BLDGS., 
MARTIN    PLACE, 
SYDNEY,    N.S.W. 


.©MEKIElf 


Cranes 


JOSEPH  BOOTH  &  BEl 


40=ton  Steam  Goliath  Crane  at  the  new  L.  &  N.  W.  Railway  Goods  Yard,  Sheffield. 
And  also  supplied  to  Midland,  Lancashire  6  Yorkshire,  and  Great  Western  Rys..  <Sc. 


LTD., 


RODLEY, 


For 

Lifting 
Machinery, 

e^c. 


Cranes,  Winding  Engines, 
Overhead  Travellers  of 
Every  Description,  Driven 
by  Steam,  Electricity,  or 
Hydraulic  Pov/er. 


London  Agents  : 

A.   H.  VV.  CiWYN,   Ltd., 
75a,  Queen    Victoria   St.,    E.C. 


Telephone : 

20  SIANNINGLEY. 


Telegrams 


CRASES,  RODLEY." 
ASUNDER,  LONDON. 


As  supplied   to  Crown   Ac.t-iits   for  the  C'olonics  and  Government   Departments. 
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Rolling  Stock 


W.  R.  RENSHAW  &  CO., 


LIMITED, 


MANUFACTURERS    OF 

Railway  Wagons,  Railway  Carriages,  Railway  Ironw^orh. 


lailway 
V^heels  6 
^xles 

of  every  kind. 


PECIAL 

TTENTION 

[VEN    TO 
ROLLING 
STOCK    FOR 
SHIPMENT. 


We  have  special 
modern  plant  for 
the  quich  produc= 
lion  of  .  .  . 

All=Steel 
High 
Capacity 
Wagons. 


Telegrams : 
Renshaws.  Stoke- 
on  Trent.' 
|)pirieer,  London." 
Telephones  : 
Potteries. 
Avenue,  London. 


Phoenix  Works,   STOKE  ON  TRENT. 

London  Office:  46,  King  William  Street,  E.G. 

bRESSED  STEEL    CAR   CO. 


London  Office  : 

20,  BROAD  STREET  HOUSE,  LONDON,  E.G. 


(PITTSBURG,    PA.,    U.S.A.) 

Manufacturers  of    .     .     . 

PRESSED  STEEL  WAGONS 

,L    GAUGES. 


30=Ton    Self=Clearing    Coal    Hopper    Wagon,    as    used    in    South  Africa. 
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Miscellaneous 


3 


These   Furnaces  are  Made  from  Special  v}iialily  of  Open-Hearth  Aciii  Steel 
Produced  at  Our  WorKs,  from  the  Best  Selected  Brands  of 
Swedish  and  Cumberland  Hematites. 


3/®PfV 


SUSPENSION 


FVJB!*^ 


f^A 


^tt,^ 


'    ^^'^^  STAB,  AND  ALL  THE  LEADING  STtAMSHl. 


>H0^^^' 


SC/V£, 


ED. 


GREATEST 

EVAPORATIVE 

EFFICIENCY 


TOF^ 


OF 


\3S 


Ot^ 


xUV 


ADt-.^i'vE.^^ 


MAU-    ^V 


UNIFORM 

THICKNESS, 


Flanged  Complete    liy    Hj-draulic    Ma; 


kPp^ 


^C^ 


^'oi'^^ 


^£  V-eeOS  FORGE^COIMPA/Vy. 

^^  ^^%  •^  "^"^  maintnin  tlie  thickness  of  flanges  and  contracted  parts  which  is  of  vital  importance.  ^^^ 

%     »  we  roll  our  plates  with  a  thickened  edge.  •■ 

The  United  States  Survey  allow  a  constant  of  15.000  for  Morison  Suspension  Furnace-, 
and  only  14,000  for  all  other  Corrutjated  Types  of  Furnace. 


THE    THORNYCROFT    STEAM    WAGON 


MaKers    of    all    kinds     of    Steam     Vehicles    for 

Commercial     Purposes,    Lorries,    Vans,     Drays, 

Municipal  Tipping  Dust  Vans  6  Water  Wagons. 

Loads  from   1  ton  to  7  tons. 


ALL    HIGHEST   AWAKOS    SINCF.    IS9.S. 
TWO  MORE  GOLD  MEDAL.S  AT   LIVERPOOL 

TRIALS  mn. 

AWARDED  FIRST  PRIZE  (£SOO)  I.\  WAR    OFFICE 
COMPETITION  OF  .MOTOR  LORRIES. 


London  Office  : 

HOMEFIELD.    CHISWICK.    W. 

WorKs  : 

BASINGSTOKE,  HANTS 


TURNER 


DIRECT 
CURREN 


V  MULTIPOLAR   MOTORS. 


In  3  Types, 


DP 


(Dust  Proof) 


HIGH=CLASS 
Design 

WorKmanship 
Material. 


MP 


i  to  50 
B.H.P. 


(Protected) 


OP 


(Open) 


Send  for  Revised  and 
Reduced  Prices  to 


TURNER,  ATHERTON  &  CO.,  Ltd., 


DENTON, 

MANCHESTER. 


DO   YOU 

WANT 

PUMP? 


This  may  seem  a  somewhat 
unusual  way  of  advertising 
Pumps,  but  if  you  do  want  one 
— no  matter  for  what  particular 
service — and  will  drop  us  a 
line,  we  can  show  you  that  we 
have  a  good  article,  and  can 
suit  you. 


WE    MAKE    PUMPS    OF    EVERY    DESCRIPTION    AND 

OF    EVERY    SIZE. 

CATALOGUE    AND    PRICES    ON    APPLICATION. 
rhe     .     . 

Jlake  &  Knowles  Steam  Pump  Works, 

m,  Queen  Uictoria  Street,  Conaon,  e.€. 


T-^'-.   --^MlP^ 


'l^-i^Aatm^.''^- 


!M\2lltaglt  Pumps,  &c. 


TAIMGY 

STEAM   PUMPS 

FOR    ALL     DUTIES. 

"SRECIAL."       DUPLEX 
FI_Y-\A/HEEI_,    6tc., 

ALSO 

Centrifugal   Pumps,     Treble  -  Ram    Pumps,    etc. 

Electrically  Driven  Pumps 

A      SPECIALTY. 


Amp: 


14  X  8  X  12  in.  "Special"  Pump. 


^H    JA      |k|^%%J^P^^k  CORNWALL    WORKS, 

I  AIMU Y bo       Birmingham 

oo«.,^^^..    -,  LIMITED  ^ 


BRANCHES     AT 


London,    Newcastle,    Manchester,    Glasgow,    Cardiff,    Rotterdam,    Bilbao,    Johannesburg. 

LAUNDRY  MACHINERY 


Also 


COOKING 
APPARATUS 


Catalogues  on  AppliLation. 


W.  Summerscales  k  Sons,  Ltd., 

Phoenix  Foundry.  KEIGHLEY,  England. 
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Destructors 


i 


I 


HaNDS 


By  the  opposition  and  prejudice  of  a  short-sighted 
municipal  policy  in  the  matter  of  refuse  disposal— a 
policy  which  involves  burking  the  question,  doing  the 
work  in  the  most  unsatisfactory  manner,  and  losing 
opportunities  of  saving  the  rates  ? 

A  visit  to  Darwen  or  to  one  of  the  destructor  plants 
erected  by  us  in  your  more  immediate  neighbourhood 
should  do  much  to  dispel  fallacious  notions. 

The  Meldrum  Destructor  goes  to  the  root  of  the 
matter,  effectually  disposing  of  the  refuse  once  and  for 
all.  Not  merely  eliminating  the  undesirable,  it  con= 
serves  the  valuable  residue,  and  proves  at  once  an 
indefatigable  scavenger  and  money=maker.  Wideawake 
corporations  are  using  the  surplus  heat  for  steam 
power  in  their  electric  light  and  tram  departments. 

For  full  particulars  of  the  "Simplex"  and  "  Beaman 
and  Deas"  Destructors  write  to 

MELDRUM  Bros.,  Ltd., 

TIMPERLEY, 

near  MANCHESTER,  _ 

66,  Victoria   Street,  Westminster,  Enclanrl 

LONDON. 


'# 
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Miscellaneous 


-c^' 


MACHINERY  for  ECONOMIC  HANDLING  of  MATERIALS 

THE   BROWN   HOISTING  MACHINERY  COMPANY. 


LONDON  OFFICE: 

39,  VICTORIA  ST.,   S.W. 


MAIN   OFFICE   &  WORKS  : 

CLEVELAND,   OHIO,    U.S.A. 


NEW  YORK   OFFICE  : 

26,  CORTLANDT  STREET. 


5-ton   ELECTRIC   TRAVELLING   CANTILEVER   CRANE. 

For  Stocking  ami  Lnadin.U  M.itcii.il.     S|\m  :  325  it. 


The  "Kingston"  Patent  Dredger  cS  Excavator. 


Kingston"  Dredger  and  Grab 

fixed  upon  a  Hopper  Barj<e  of  150  tons  capacity, 
having  separate  propelling  engines  and  special 
boiler,  as  supplied  to  the  Spanish  Government. 


Sole  .'lanufacturers  and  Patentees — 


ROSE,      DOWNS      6      THOMPSON,    Ltd.,         °'^    ^"""^'^     "V2':'M.rK^  anVlONOON 


For  Gears,    Bevels,    Worm    Wheels.  Spirals, 
or  anything  in  the  gear  line,  write  to 

THE  BUFFOLINE  NOISELESS  GEAR  Co., 

LEVENSHULME. 
WHO    ARE    THE    ENGLISH 

GEAR  SPECIALISTS. 


■SF^? 
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Turbines,  &c. 


THE 


Wheeler  Condenser 


AND 


Engineering  Co., 


179,  Queen  Victoria  Street, 
LONDON. 


The  most  compact,  durable,  and  efficient  Cooling 
Tower  Manufactured. 

Maximum     reduction     with     minimum     loss     by 
evaporation. 


90,000  h.p.  operating  in  Great  Britain. 
25,000  h.p.   in   process  of  construction. 


^  S.HOWES  Co. 

Hydraulic    and    lYIining   Engineers, 

64,  Mark  Lane,  LONDON, 

ENGLAND. 


And    "Eureka"   \Vorks,  NEW   YORK 


"  LITTLE  GIANT "  TURBINES 
'^.   "HOWES "CENTRIFUGAL  PUMPS. 


HORIZONTAL 
AND    VERTICAL. 


Made  in  12  sizes  to  suit  all  capacities 


i'i,  IIIBLW 


Water  Motors  and  Pelton 
Fans. 

**  Eureka"  Grain,  Seed,  and 
Rice  Cleaning,  Grading, 
and  Hulling  Machines. 

Portable  and  Stationary 
Forges.  Cranes  for  all 
purposes. 


Destructors 
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DESTRUCTORS 


The  Improved  Patent 

HORSFALL 


FOR 


> 
> 

Perfect  Absence  of  Nuisance.  J 

Lowest  Cost  of  Labour  &  Maintenance.      ^ 
Maximum  Steam  Raising  Capacity.  -Id 


r  3,000  tons    of    Refuse  per    day. 


The  Horsfall  Destructor  Co., 


LORD    ST.    WORKS,    WHITEHALL    ROAD, 

LEEDS. 


London  Office  :  — 

19.    OLD    QUEEN    STREET,    WESTMINSTER,    S.W 


These  Destructors    embody    many    special  features   which    are    not  to    be   found    In 

SIXTY    PLANTS    in   active    operation,    burning  j^ 


> 

LXO.,       |, 
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|A(§fl^\W@MflKIE)f  Weighing  Tackle,  &c. 


One   Actual   TEST  is  worth   100  Opinions. 


DENISON'S 


.  .  NEW.  . 

C.  I.  Bar  Tester, 


a      !9 


Tests  to  Destruction  Specimens 
2  in.    X    I  in.    and    I  in.    square. 


V    » 


S.  DENISON  &  SON, 

HuNSLET  Moor, 

near     LEEDS. 


Teli-grams  :  •■FLI:ES,    LKKI'S.        J  tki.lioncM  Nat 


Deighton's  Patent  Flue  & 
Tube  Company,  Ltd. 

DEIGHTON  S    PATENT    FURNACE. 

The  Destructive  Tests  have  proved  the  DEIGHTON  FURNACE 
to  be  the  strongest  to  resist  collapse  ever  made. 

It  is  also  uiifquallcd  lor  riiitdnnity  of  Thicliiios  .iiul  K.isy  Scaling. 

MAKERS    OF    MARINE   and 
LAND  BOILER  FURNACES. 


ASHLIN    ls:i7    lATKNT   -.VJTI II  iU.\\VAl;LK    iniNACE 


Awarded  2  Bronze  Medals, 
Paris  Exhibition,  1900. 


Vulcan    Works, 
Pepper    Road,  LEEDS. 


78 


Jm^^BmM. 


?liS7 


Gas  Generators 


i 

FURNACES 


FOR    ECONOMY    IN 

REHEATING, 

FORGING, 

CASE    HARDENING, 
ANNEALING, 

CALCINING, 

MELTING, 

Etc.,  Etc. 


FOR    HEAT    OR    POWER 

2,200    PLANTS    IN    DAILY    USE. 


Generators 


PATENT 

RIVET 


HEATING 

FURNACES 

W.   F.   MASON,  LIMITED, 

ENGINEERS    &    CONTRACTORS, 
MANCHESTER. 
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THE  HUNSLET  ENGINE  CO., 

LEEDS. 


LTD., 


MANUFACTURERS     OF 


TANK   ENGINES 
Of  all  Descriptions. 

Designs  and  Specifications  Supplied 
or  Worked  to. 


i  eleiiiMiiis  :  "  Enijine    Leeds 


Telephone  :  S'iS 


ALL 

KINDS 

OF 


GEARING 


"^      Machine-Cut 


Upon    20th    Century 
lines. 

No     guess     work     or 
rule  of  thumb. 

Utmost    Possible     Accuracy 

Obtainable  by    Modern  Fine 

Tools,      at     a      reasonable 

price,  tco. 

Quick    Delivery. 

You     can      prove     this    fop 

yourself  if  you  wisli   by 

writing 


E.    ARNOLD    POCHIN, 

Croff    Street,    Pendleton, 

MANCHESTER. 


Miscellaneous 


in  I   "' 


FOR     ANY     SIZE     OR     TYPE     OF 


T  U  R  B  I  N 

OR      PELTON      WHEEL 


Apply  to : 


O.  GILK 


&  CO.,  LTD. 


KENDAL. 


"GUNTHER" 

TURBINES 

WITH  VERTICAL  OR 
HORIZONTAL    SHAFTS. 

SPECIAL 
HIGH   PRESSURE 
TURBINES    &   ACCURATE 
HYDRAULIC  GOVERNORS 
for  Electric  Plants. 
PELTON   WHEELS. 


W.  Guntlier  &  Sons, 

Central    Works, 
OLDHAIVI.   ENGLAND. 


HENRY     CROWTHER, 

M     JS     Cleckhealon,  YORKS. 

Telegrams  :  "  Crowther,  Cleckheatoa."      ABC  Code  used. 


. .  Wrought . . 


HENRY   CROWTHER 


56  =  page  Catalogue,  beautifully  illus= 
trated,  post  free  on  application. 

a    a    a    a 


PRICES  LOW. 


Send  for  List  and 
Discounts  free. 


QUALITY  HIGH 


So 


JhMiMm 


Cables,  &c. 


SUDDEUTSCHE  KABELWERKE  A.-G.,  Mannheim, 


SYSTEM    BERTHOUD    BOREL. 


G£:R]MEAI>f^y^. 


Contractors  to  the  Imperial  German  Postal  Jlutborities. 


TELEPHONE  CABLES 


With   Paper   and   Air   Insulation. 


LEAD-COVERED  CABLES 

For  all  Tensions  up  to  40,000  volts. 

SILK-COVERED  COPPER  WIRES. 


The  £1  0 


^       Scotch  &  Irish  Oxygen  Co.,  Ltd., 

J|P=^^=.^  ROSEHILL  WORKS.  GLASGOW. 

^^   Valves  for  Gas  Bottles  and  Aerated  Water   Drums 
in  Bronze,  Steel,  and  Aluminium. 

Reducing  Valves,  Keys,  and   all  Fittings  for  Compressed  Gases. 


J.   HALDEN   6   Co., 

Arc  Lamp  Duplex  Radial 


8.  ALBERT   SQUARE, 

MANCHESTER. 


Photo  Copying  Frame 

(SHAW   AND    HALDEX   PATENT 

Engineers  Electric  Frame,  very  superior. 
Arc  Lamp  and  Lowering  Gear,  complete 
to  print  from  Two  Tracings,  53  x  31  42   10     o 

Other  sizes  as  per  List  post  free  on  request. 


ADVANTAGES   OF   DUPLEX   RADIAL  PHOTO-COPYING   FRAME. 

A. — Copying  indoors  at  any  time  where  Electric  Current  is  available. 
15. — The  Frame  when  once  mounted  on  the  Pedestal  remains  there. 
C. — Immunity  from   accident  ensured   by   the    Frai\ie  remaining  on 

the  Pedestal. 
D.     The  horizontal  position  (when  placin.C  in  01   taking  out  Tr.'icings 

and  Copies)  is  the  most  convenient  for  Operators. 
E. — Two  full-size  Tracings  can  be  copied  at  one  operation. 
V. — The   glass   plates    can    be    very  easily    clcaiicU    when     l-iaine   is 

horizontal. 


Copies  Two  Tracings  at  One  Operation. 


Also    at    London,    Ne'wcastle-on-Tyne,     Birmingham,    and    Glasgo'w. 

SOLE  AGENTS  in  South  Africa:  EIDELBERG  BROS.&  CO..  Preiorius  St..  Pretoria. 
P.O.  Box  232.  Telegrams:  "IBIS." 


S; 


o 


Telegrams:  "FILATURE." 
Telephone  :  202.  228. 


Tbs  St.  Helens  Cable  Co 


LIMITED. 


WARRINGTON. 


Electrification  of  Railways  can  be  most 
satisfactorily  carried  out  by  the  use  of 
WATERPROOF   DIALITE   CABLES. 

No  corrosion. 

No  electrolysis. 

No    decentralisation   of   conductor. 

Over  FOURTEEN  MILES  in  use  on 
the   Liverpool    Overhead    Railway. 


London  Office:    32,  VICTORIA   STREET, 

Westminster. 


Telegrams:   "  FILATTERIO." 
Telephone  :   4270  GERRARD. 


■"""^i^: 


fta@MDCail\f'   Electrical  Apparatus 


GREENWOOD  &  BATLEY,  Ltd., 


ALBION  WORKS, 

LEEDS. 


MAKI-.K'S     OF     l-.VI'-.KY     I)i;st  KM  I'TluX     (H- 


ENGINEERS'  GENERAL  TOOLS    and  of  SPECIAL  TOOLS  for  War  Material  and  a  Great  Variety 

of  Purposes. 


j3       0 

Dc  Laval  Patent 
Steam  Turbine 
Dynamos, 
Turbine  Motors, 
Pumps  and  Fans. 

0     a 


0  0 

Dynamos  and 

Motors, 

Complete 

Electrical 

Installations. 

/S        0 


No.   6352.     200   B.H.P.  Electric   Motor,  420    volts,  400  revolutions. 


International  Electrical 
Engineering    Co., 


Clun    House, 
Surrey  Street, 
Strand, 

London, 

w.c. 


Telegrams  : 
"CLUNCH,  LONDON.' 

Telephone  No. : 
3227  GERHARD,  LONDON. 


-Our  plant  is  in  use  at 

Dundee,  Oban,  Falkirk, 
Glasgow,  Hoylake,  Hull 
Erith,  Coinc,  Shipley, 
etc. 


Thrce-pliii^c  .Altern:itr)rs  for  TriiiiMiiission  of  I'owcrm  .Maiiuiactunnn  WorKii. 
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jrimB.M\^: 


?^ 


Electrical  Apparatus 


-Or 


Augemeine  Elektricitats-Gesellschaft,  Berlin 

Capital  fully  paid  up:  60  000  000  Marks 

MachineWorks  °  Electrical  Apparatus-Works  o  CableWorks 
Incandescent-Lamp-Works 


Berliner  ElektricitatT 

Werke. 
Largest  Station  of  the 

World.  [ 


7i 


'--^, 


0 


m 


'u. 


:# 


W'^ 


■^^  MM 


Continuous  Current.  Threephase  Current. 

Electric  Lighting  Plants.  ♦  Electric  Transmission  of  Power. 

Electric  Railways  and  Tramways.  ♦  Electric  Central-Stations. 

Electrochemical  Plants. 

Agencies  throughout  the  World. 


Yearly  Output  12000  Dynamos  and  Motors  equivalent  to  170  000  000  Wat* 
10  000  000  Incandescent  Lamps.  xi.  o. 
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^^'^IS: 


ilf^ii{|te^IlKIiI|i   Electrical  Apparatus 


T.  HARDING   CHURTON  &  CO., 


DIRECT 

CURRENT 
and 
POLYPHASE. 

Either   Open   or 
Enclosed. 


ATLAS  WORKS 

Ingram  St., 

LEEDS. 


AsK   for   New 
Price    Lists. 


The  "Atlas  ■  Mutou. 


GENERATORS  &   MOTORS 


Telegrams  : 
■MAGNET,  LEEDS.' 


Direct=Coupled   Generators. 


Telephone  : 
■-;;   CENTRAL. 


cc 


P.D.M. 
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PHCENIX    DYNAMO 
MANUFACTURING  CO., 

BRADFORD. 


50  Kilowatt  Three  Bearing  Generator,  500  revs. 
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InlAOMDffl: 


^ 


Electrical  Apparatus 


lO 


^V'TON  &  LOMP^ 


ELECTRICAL     ENGINEERS. 


ro 


^Sa^ 


FORD    &   lO^ 


O^ 


TELEGRAMS  : 

CROMPTON      CHELMSFORD. 


TELEPHONE  : 
CHELMSFORD   No.   2. 


ONE    OF    THIRTY    ELECTRIC    LOCOMOTIVES 

SUPPLIED    BY    CROMPTON    &.    COMPANY,    LIMITED, 

TO   THE   CITY    &.   SOUTH    LONDON    RAILWAY. 


MANUFACTURERS    OF 

TRACTION    GENERATORS    AND    MOTORS 

FOR    RAILWAY   AND  TRAMWAY   SERVICES. 


LONDON    OFFICE: 

SALISBURY    HOUSE.    LONDON    WALL     E.G. 


(88) 
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Miscellaneous 


Th< 


(f 


MclNNES-DOBBIE 

(Latest  form  of  our  "  Mclnnes   ) 

PATENT  Indicators 


.  .  for  .  . 

HIGH    «S    LOW 
SPEEDS. 

Tn  Zwo  Cvpcs:— 
External  Spring 

and '  '  - 

Enclosed  Spring 

Kach  made  in  sever. il 
Forms  and  Sizes. 


CESION 

NO.  2 

INSTRUMENT. 


EXTBRNAL 

Prescure  SpniNG  Tv?E. 


SPECIAL  INDICATORS 
6  Explosion  Recorders 
for  Gas  6  Motor  Engines, 
etc. 


Sole 
Makers: 


DOBBIE  MgINNES,  LD. 

(T.S.  Mclnues  \  Co.,  Ltd.,  X  .\le.\.  Dobbie  cN:  Son.  l.td.,  .\m,;;d,i, 
INDICATOR      MAKERS      TO      THE      ADMIRALTY, 

45,  Bothwell  Street,  GLASGOW, 

6  at  GreenocK,  South  Shields,  &  London. 


THERMO-ELECTRIC 
THERMOMETERS. 


The  couple,  consistini;  of  a  platinum-rhodium  junction,  is  enclosed  in  a 
porcelain  tube.  The  temperature  obtained  is  measured  on  a  special  form 
of  voltmeter,  re.adinji  to  1.600  de.ijrees  Centigrade.  Each  division  on  the 
dial  is  equal  to  25  degrees  Centigrade.  Price  of  the  instrument,  complete 
with  couple  and"  leads,  as  shown  in  the  illustration,  £13  17s.  Od.  An 
instrumentcan  be  supplied  withascale  of  equal  partsoni\  ai  £12  17s.  Od. 

The  Cambridge  Scientific  Instrument 

CO.,  LTD., 

CAMBRIDGE,    ENGLAND. 

London  Office  :  92,  Hatton  Garden.  E.C. 


3Bc5t  Mori?  requires  IBcst  Uools. 

The  CORRECT  TOOL  for  WRITING 

/S       UNQUESTIONABLY      THE 

"SWAN" 

Fountain    Pen. 

Three  Sizes,  10s   6d  ,  16s   6cl  ,  25s. 

All  Prices,  10s  6d.  to  £20. 

1 

MAYBE  POSTED  TO  ALL  PARTS  OF  THE  WORLD.  1 

^ 

c                   In 

m 

1    i 

lile  Improved  "Swan"  Fountain  Pen,  Size  3,  16s.  6d.     Closed  for  pocket,  5'ii 

i  1    1?  %     1 

\       >         5    <        2            -^ 

1     -      1  fl     e        •> 

»  1  1    5    1 

«  i  1  g    >^    1 

1   lis     ^    ! 

! Jt      H    i 

11 

SOLD  BY  STATIONER 

V  1 

S  EVERYWHERE    COMPLETE  CATALOGUE  FREE. 

Mabie.  Todd  d  Bard,  »"-"'--"    1 

93,  Cheapside,  London,  E.C.I 

95a     Regent  St.,  W. :  3,  Exchange  St.,  Manchester;  andB 
37,   Ave.  de  i'Opera,   Paris,                              | 

yi 


Miscellaneous 


^f  2/ou  lOanf  to 


THahe  an  fS^mpreddion 


7i 


t'S'il 


We  HaVe 

THE    TYPE, 
THE    TOOLS, 
THE     MEN, 

For  Smart   Catalogues. 


SOUTHWOOD,  SMITH  b'  Co.  Ltd 

artistic  printers, 
Plough  Court,  Fetter  Lane,  London,  E.C. 
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JmM^BmM 


NOW    READY. 

PAGE'S  MAGAZINE. 

Vol.  2.     JANUARY— JUNE,   1903. 

^    BLUE  CLOTH   =     =    105.   6tl. 


Handsomely  Bound  in 


HALF=MOR0CCO  -   15s.    od. 

CLUN  H0U5E.  SURREY  STREET, 

STRAND,  LONDON,  W.C. 
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Office  Fittings 


THE  "SHANNON " 

RAPID  ROLLER  LETTER  COPIER. 


A  Method  of  Copying  that  will  Produce 
Perfect  Copies  in  a  tenth  of  the  time 
taken  by  the  old-fashioned  copying  press. 


TO   COPY  A 

LETTER,  DRAWING, 

OR  DOCUMENT, 

Insert  it  in  the  Machine — turn    the  crank     and  your  copy  is  made. 


1 1  you  will  j^ivc  us  a  call  \vc  shall  he 
pleased  to  show  you  the  niaehine  in 
practical  use. 

F,   W.    SCHAFER, 

Managing  Director. 


The  SHANNON,  Ltd., 

Office,  'Bank,  &  Shop  Fitters, 
ROPEMAKER  ST.,  LONDON,  E.C. 
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Card   Systems 


TalKs  out 
of  the  top 
of  his   hat ! 


A  man  who  says  that  an  antiquated  Letter  File  has  been 
in  use  twenty-five  years,  and  therefore  cannot  be  bettered  is 
"  talking  out  of  his  hat." 

The  L.B.  Numerical  Vertical  Filing  System,  with  its 
number  for  each  correspondent  and  auxiliary  Card  Index,  is 
replacing  old  letter  filing  systems  wherever  it  is  given  fair 
consideration  and  comparison  point  by  point  with  older 
methods. 

The  net  result  is  that  the  whole  of  any  particular  corre- 
spondence may  be  obtained  in  a  few  seconds. 

How  the  system  does  it  and  why  it  does  it  we  will  gladly 
tell  you  on  receipt  of  a  postcard. 

Library   Bureau  Ltd., 

10.    Bloomsbury    Street, 
LONDON.    W.C. 

Branches  : 

12,  Exchange  Street,  MANCHESTER. 

58,  The  City  Arcades.  BIRMINGHAM. 

Union  Buildings,  St.  John  St..  NEWCASTLE.ON=TYNE. 
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Business  Systems 


No.    17. 
Top. 


No.  902. 

Bookcase 

Section. 


Card 

Index 

Users 


No.  53. 

Card    Index 
Section. 

5  by  3  Cards. 


No.  64. 

Card    Index 
Section. 

6  by  4  Cards. 


No.  85. 

Card    Index 
Section. 

8  bv  5   Cards. 


Require   such    a   variety   of    sizes   of    cards    that 
KOCKWELL-WABASH 
liXPANSION    BUSINESS    SYSTEMS 

have  been  arranged  to  supply  tliis  demand  bv 
incorporating  sections  that  contain  drawers  or 
hies  which  will  hold  three  sizes  of  cards — 5  by  3, 
6  by  4,  or  S  by  5 — so  that  the  necessity  of  having 
special  cabinets  built  to  accommodate  the  various 
sizes  is  obviated. 

As  it  is  impossible  to  ascertain  in  advance  t!ie 
exact  capacity  required,  we  have  an  additional 
advantage  in  being  able  to  add  to  our  cabinets  any 
section  or  sections,  increasing  the  capacity  at  will. 

Our  main  sections  are  subdivided  int<)  smaller 
sections,  containing  four,  five,  or  si.\  drawers,  so 
that  practically  any  desired  increase  of  capacity 
can  be  obtained. 

Letter-tiling  sections  can  also  be  incorporated 
•in  the  same  cabinet,  as  well  as  any  other  of  the 
many  devices  we  manufacture  for  the  classification 
and  tiling  of  documents  of  every  description. 


The  illustration  shows  a  porliou  of 
EXPANSION    CABINETS. 


line   of 


WE  GUARANTEE  :  Thai  if  upon  chiivcry  and 
careful  inspection  our  claims  to  snpcrior/lv  over  any 
competing  prodncl  arc  not  sustained,  or  the  giiods 
fail  to  give  tJie  satisfaction-  to  7vliich  the  purchaser 
is  entitled,  they  may  be  returned  at  our  e\pense. 

NONE  liUT  THE  VENDORS  OK  THE 
BEST   CAN    AEEORI)    TO    PRINT    THIS. 

a    a    a 

OUR  CATALOGUES    WILL    INTEREST   YOU. 
00a 

ROCKWELL  -  WABASH     CO., 

No.   13.  Limited, 

Base  Section.  59    Milton  Street,  LONDON,  E.C. 


No.  20. 

Vertical  Filing 
Section. 


ELLIOTT    D.    ROBBINS 


ilnua-^n'K  Diredor. 


Tiit'iiiaiiis : 

■'  0(1I^  TE,    I.dXDOX.' 


Telcplionf  : 
2403  LdXDox  Wall 
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Jm^^'Riim^ 


Office  Appliances 


•<Jr 


LYLE 


PARRY,  FredencK  Lewis 

1001, Queen  Victoria  st 
Lonaon  e  c 

Telegrams   octupus 


♦♦♦ 
♦♦♦ 
♦♦♦ 
♦♦♦ 
♦♦♦ 
♦>♦ 
^►♦^ 
♦♦♦ 
♦♦♦ 
♦♦♦ 

♦44 
♦^►^ 
♦♦♦ 
♦♦♦ 
♦♦♦ 
♦♦♦ 

♦♦♦ 

^^  J^^f  Catalogue  and 

^r^r^T  f"H   particulars — 

^^'^     THE   LYLE   Co.,  Ltd.. 

11^  I  Card  Index  Experts, 

^  A  A      26,  Harrison  St., 
AAA  Gray's  Inn  Rd., 

♦>♦ 
♦>♦ 
♦♦♦ 
♦♦♦ 

xn     .    i^. 

♦♦♦ 
♦♦♦ 
♦♦♦ 
♦♦♦ 
♦♦♦ 
♦♦♦ 

♦♦♦ 


DOSSIER 


♦4 ♦ ♦ ♦ ♦ ♦ ♦♦♦♦♦♦♦♦♦ 

444-f4-M-f4^4444-f4 

♦♦♦♦♦♦♦♦♦♦♦♦♦♦ 


Its  History. 


4-f4 


The  Index  Card 


LONDON. 


The  Card  filed  away  in 

alphabetical  cider  in  Card 

Cabinet,  t'ormins   index   ic 

Dossier. 


Branch    Office  : 

94.  MarKct  Sircol. 
MANCHESTER. 


The  Drawer,  showing  Dossier 
containing  correspondence. 


FILE 


Office  Appliances 


[HE  VERTICAL  LETTER  FILING  SYSTEM 


Is  an  outcome  of  the  Card  System,  and  has 
similar  economical  advantages.  It  provides  a 
definite  place  for  each  correspondent's  letters, 
or  for  papers  on  any  specific  subject.  Letters 
are  filed  methodically  and  accurately,  and  can 
be    found    instantly    when    required. 


Send   for 

VEI^TIC^L     5y:5TEM     CATALOGUE,    SECTION 

If  you  are  interested  in  Card  System  Methods,  send  for 

CAl^D    5/5TEI^     CATALOGUE,    SECTION     "  D. 


E." 


LIBRARY   SUPPLY  Co., 


Bridge  House,  181,  Queen   Victoria  Street, 
LONDON,    E.G. 


Cabinet  and  Joinery  ^Vorks-^Valthamsto^v,  Essex. 


REFEREE"  Letter  File. 


th«^ 


£^ 


(stones    patent,    ENGLISH    MAKE  ) 


Is  the  BEST,  because  it  is  : 

THE    SIMPLEST, 

and    is    the    ONLY    FRONT    FILING 
System. 

THE   MOST    EFFICIENT. 

Letters  filed  and  found  more  easily 
than  by  any   other  system. 

THE    CHEAPEST. 

Each   File  is  its  own  Transfer  Case. 

Inspection  inviled  of  this  and  of  dur  many  Other 

Labour-saving  Office  Devices. 

Write  for  our  Illustrated  Catalogue? 


CARTRIDGES!'  COOPER,  Ltd.,  ■^^^"ancbrylane. 


LONDON.  E.G. 


-""^ 


^|&S@§;fm@fi21KIE)[      Time   Recorders 


COST=KEEPING. 


This  Side  Out. 


W/r'^;y>., 


For  Full   Particulars,    write 


International  Time  Recording  Co., 


171,  Queen  Victoria    Street,  LONDON,  E.C., 

And   19,  Waterloo  Street,  GLASGOW. 
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Miscellaneous 


^^^*^*^^^^^^$^^^^^^^^^^^^^#^^^^^^#^^»^^^^^^^^^^^^ 

^ 
^ 


CONTRACTORS  TO  H   M  GOVERN  WENT.  FOREIGN  GOVERNMENTS    HOME  &   FOREIGN    RAILWAYS 

^^,,p„S   ESTABLISHED  o.,„    ,„„..>^S  ^ 

IT  ^ 

<»• 


T 
E 

0 
N 


ItLtGKArMic  Address:  "  FLEAMNG,  HALIFAX. 
Telephone    No.  48    Halifax. 


T 
I 

N 
G 


it   is  Money  you  Want— Use 
CARBORUNDUM 

The  20lh  Century  Abrasive, 

It  saves  time  ;  lime  saved  means  money  saved. 


ORKMEN    LIKE    THEM. 


Others  use  it,  why  not 
YOU  ? 

Wrile     I's    .,1-    <,iu-     Agents    for 
Calal.,,L;ue  and   I'liees. 

THE    POLISHERS 
SUPPLY  CO., 

laitisli  A-ents, 

27,    Chancery    Lane, 
LONDON,    W.C. 

']  elc.i;iams  : 

'■  CiuroKix,  London.' 

A  li  C   and   Lieher  Cities  nscd. 


RITISH 

TEAM 

PECIALTIES 

LTD., 
I-EET    ST., 

EICESTER 


legrams  :  "  BOSS." 


E.S.HINDLEY&SONS 

WorKs:    BOURTON,    Dorset. 

London  Show  Rooms  and  Stores 

11,   Queen    Victoria    St.,    E.C. 

STEAM 
ENGINES 

HIGH  SPEED, 

SLOW   SPEED, 

VERTICAL, 

HORIZONTAL. 

SIMPLE, 

COMPOUND. 


Ulritc  for 
Qwotaticns. 


Th 


ere  s 


NO 

Reason 

Why 


WASTE  HEAT 


FROM 


STEAM  BOILERS 


Should 

be 

THROWN 

AWAY. 


3 


In   COAL 


It's 
Valuable 

and 

can    be 

Utilized. 


This     Picture 

explains 

how     it's 

done. 


Write  us. 

We'll    advise 

how   to   convert 

this   Loss 

into    Gain. 


E.    GREEN   &   SON,    LTD., 

2,  Exchange   Street,   MANCHESTER. 


Telegrams:   "  ECONOMISER." 


1  "DADE "  PERpFmAL  LEDBEBS 


SAVE  TIME,  LABOUR 
MONEY. 


to  knoM/ 

HOW  and  WHY 


l^indly  drop  us 
a  line  when  we 
will  forward 
you  details  of 
one  of  the 
most  impor- 
tant business 
auxiliaries  of 
modern  times. 


THE  TRADING  &  MANUFACTURING  CO.,  LTD., 


Offices  and  Sliowroom—  „ 

TEMPLE    BAR    HOUSE,    FLEET   STREET,    LONDON,    E.G. 

TKl.Ki'HdXE  \(>.  :  6514  CENTRAL 


Tki.ecuams:  '■  devisers.  LOXDOX,' 


MOND  Gas 


With  or  "Without 


AMMONIA    RECOVERY. 


e^         t^         t^ 

MOND    PATENTS. 

DUFF    PATENTS. 

TALBOT    PATENTS. 

e^        t^        t?* 

Plants   under   the    Power-Gas    Corporation's    Patents    are 

now  Working  or  are  being  Built  capable  of 

Producing  over 


300,000,000 


CUBIC      FEET     OF    GAS 
PER    DAY. 


THE 


POWER-GAS    CORPORATION,    LIMITED, 

39,    VICTORIA    STREET.    LONDON,    S.W.,    and    STOCKTON-ON-TEES. 


Priattd  by  SouTHWOOD,  Smith  &  Co.,  Limited,  Plough  Court,  Ketter  Lane,  London,  E.C.,  and  Publislied  by  the  Pioprietors  of  Page's  Wagazlne, 

Clun  House,  Surrey  Street,  Strand,  London.  W.C. 


